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Op verschillende plaatsen in dit proefschrift staan uitspraken als 'neglect is a 
bewildering set of phenomena'. Dit proefschrift bevat dus niet het laatste woord over 
neglect, maar het is wellicht een nieuwe manier van kijken. Dit impliceert dat 
onderzoek over dit onderwerp in Nederland nog in de kinderschoenen staat. Ook al is 
ons begrip van de aandoening toegenomen, patiënten met neglect kunnen nog steeds 
niet goed geholpen worden. Daarom hoop ik dat experimenteel onderzoek en 
theorievorming zoals die hier zijn aangevangen in de toekomst vrucht zullen dragen, in 
de vorm van werkzame en werkbare behandelprogramma's. 
Het merendeel van dit onderzoek is tot stand gekomen in het 
Revalidatiecentrum van de Sint Maartenskliniek te Nijmegen. Ik heb de samenwerking 
met de artsen, therapeuten, en verplegenden als erg stimulerend ervaren. Vooral heb 
ik veel geleerd van verschillende therapeuten die bereid waren om hun expertise uit de 
dagelijkse behandelpraktijk voor mij te verwoorden. Dit heeft mij zeer geholpen bij het 
doorbreken van gangbare theoretische simplificaties. In de loop der jaren hebben veel 
medewerkers in de kliniek - dikwijls in hun vrije tijd - bijgedragen aan het opzetten en 
mogelijk maken van het onderzoek. Al diegenen ben ik veel dank verschuldigd. 
In patientgebonden neuropsychologisch onderzoek spelen de patiënten uiteraard 
de hoofdrol. Ik wil hen graag bedanken voor het moedig doorstaan van de vele uren 
saai en ogenschijnlijk zinloos op knopjes drukken, door deuren lopen, en lijnen 
doormidden delen. Veel heb ik mogen leren van de contacten met patiënten en hun 
familie, vooral van diegenen die bereid waren hun persoonlijke belevingen met mij te 
delen. Zij hebben dit proefschrift op essentiële punten verrijkt. 
Gaarne wil ik mijn mentor Theo Mulder bedanken voor het mogelijk maken 
van dit project. Ar Thomassen wil ik bedanken voor zijn steun en zijn groeiend 
enthousiasme voor neuropsychologisch onderzoek. Met Lex van der Heijden heb ik 
meeslepende discussies gevoerd over zijn theorie van de aandacht. Dit is van groot 
belang geweest voor de inzichten in dit proefschrift. Hij gaf mij het gevoel op de 
goede weg te zijn, ook als ik dat zelf even niet zag. De hulp van Bart Nienhuys was 
voor mij van onschatbare waarde: hij hielp me met programmeren, maar leerde me 
ook zelf de soldeerbout te hanteren als dat nodig was. Jacques van Limbeek dank ik 
voor zijn waardevolle statistische adviezen. Eric van Balen dank ik voor de klinische 
know how, die hij op mij heeft overgedragen. Zonder zijn leerschool zou hoofdstuk 1 
niet geschreven zijn. 
Het begeleiden van scriptiestudenten vond ik een stimulerende taak. Met name 
Anneke Dinkla, Miriam Michels, Klaartje Verhoeven en Sonsoles Boter hebben een 
substantieel aandeel geleverd aan het onderzoek; ik wil ze dan ook graag op deze 
plaats bedanken. Het werk aan dit proefschrift is verricht op de Afdeling Research en 
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Ontwikkeling gedurende de hectische jaren dat de afdeling werd opgebouwd. Zeker de 
eerste jaren was er een sprankelende sfeer waarin veel creatieve ideeën tot ontplooing 
kwamen. Met Sander, Eric, Bart, Paul, John, Patsy, Sherida, Peter, Hans en Kitty heb 
ik jarenlang lief en leed gedeeld. Ieder van hen weet dat het niet altijd eenvoudig is 
geweest en ik ben dan ook blij dat ik zulke fijne collega's naast me heb gehad. Ik wil 
hen graag bedanken voor de vele discussies (ook als het eigenlijk niet uitkwam), het 
enthousiasme, de steun (als het nodig was), de (tè grote) gezelligheid en uiteraard de 
keek van de week. 
De taak van het thuisfront is om de promovenda zoveel mogelijk van het werk 
te houden, zodat deze de gelegenheid krijgt een 'normaal' mens te blijven. Anne-Marie 
en Berend, jullie zijn uitstekend in deze taak geslaagd. Berrie heeft met vlagen een 
compulsief obsessieve workaholic om zich heen gehad. Hem dank ik voor zijn rust, 
zijn luisterend oor, zijn begrip, maar vooral voor de medicinale dosis whisky die op 
cruciale momenten werd geserveerd. 
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Chapter 1 l'2 
Beyond test scores: 
A plea for theory based observation 
as a means to understand visuospatial neglect 
in the patients'daily life 
Neglect is a puzzling, but fairly common phenomenon occurring following right 
brain damage. Patients with neglect tend to ignore new or meaningful stimuli 
presented to their left side, where primary sensory or primary motor factors may 
be ruled out as causal factors. Whereas neglect is subject to important theoretical 
discussion concerning the nature of spatial attention and representation, the 
clinical neuropsychologist has a desire to recognize, quantify and, most of all, 
understand neglect phenomena in very different individual cases. Test 
performance of the patients is not of great help in explaining the behaviour, 
because the task demands of tests for neglect are far from clear. Moreover, 
theories of neglect typically explain only part of the symptoms, and they 
contradict each other. Therefore, it is argued that careful observation of the 
patients' behaviour in the clinical context, and interpretation on the basis of 
theoretical insights may be important tools for the clinician. 
1.1 What is neglect? 
We do not know what neglect is. A very disturbing feature of the literature is the 
bewildering number of terms in use for similar phenomena, and the absence of a clear 
taxonomy for differential aspects of neglect. To give just a few examples: hemispatial, 
visuospatial, unilateral or just spatial neglect; hemi-inattention, dyschiria (Bisiach and 
This chapter is based on (a) Tromp, E. (1993). De wereld gehalveerd: de 
neuropsycholoog en het hemispatieel neglect [The world in halves: the neuropsychologist 
and hemispatial neglect]. De psycholoog. 28, 1-5. and (b) Tromp, E. (1995). Neglect. In: 
P. Eling en W. Brouwer (Red.). Aandachtsstoornissen: een Neuropsychologisch 
Handboek, (pp. 161-173). Lisse: Swets. 
The footnotes in Chapter 1 serve to integrate this chapter with later, empirical 
chapters. Footnotes attract attention, and they are often read first. As I will formulate the 
research questions, the methods and the results in a nutshell, the footnotes can be read as 
a shortcut through the introduction. Thus, this text can be read at two levels: a general 
introduction to the topic, and a specific concise prelude to the subsequent research. 
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Berti, 1987), and hemispatial or visuospatial agnosia, have all been used as labels for 
highly similar aspects of neglect. Likewise, a term like hemihypokinesia has been used 
for quite different phenomena. I haven chosen to use the plain term 'neglect' throughout 
this paper, with specifications if necessary. 
Neglect has been receiving far less attention in literature than, for instance, 
aphasia. In part this lack may be explained by the poor possibilities of treatment. In part 
it may be explained by the fact that one has to be a skilled observer to detect the disorder. 
The aim of this paper is to help the reader recognize and understand some of the 
phenomena of the neglect syndrome. Neglect behaviour can often be considered as 
comprising a set of negative symptoms. It is the absence of adequate visuospatial 
orienting, and therefore it is not very noticeable at first sight. Unlike aphasia, one has to 
know about the existence of the deficits and of their appearances, in order to recognize 
them. Furthermore, patients with neglect will usually not mention any deficit of this kind, 
because they are usually not very aware of it. Finally, there may be several forms of 
neglect, and if one is only alert to general symptoms, one may miss some specific ones. 
Over the last decade or so, the study of unilateral neglect of space has become one of the 
major topics in cognitive neuropsychology, but it is far from certain that the theoretical 
problems concerned with neglect will be solved in the near future. 
The typical, most obvious symptom of neglect is that a patient may fail to orient 
towards relevant and meaningful information on the side of the world contralateral to a 
unilateral lesion, without bothering about it, or without spontaneously compensating for 
it. We may assume that this behaviour cannot be explained on the basis of primary 
sensory, or primary motor deficits, because when the patient is instructed to orient to the 
impaired side of space, he or she will almost invariably be able to do so. However, such 
a patient may appear very reluctant to do so. General reluctance to explore the world is 
a condition that is associated with many deficits of arousal and alertness, and is 
accompanying many lesions of the brain, but a reluctance to explore only a specific part 
of the world is highly surprising. The aim of this study is to show that one may use very 
simple clinical 'experiments' and observations in an attempt to integrate theory and 
practice. A plea is made for the revaluation of skilled observation in neuropsychology, 
against a background of contemporary theory.3 
The revaluation of theory based observation as a tool to understand tha patients' 
performance is the point of view chosen for this particular chapter. Observations are of 
great value in the exploratory phase of a study, but they need to be formalized and tested 
in a later stage. That is exactly what will be done in the later chapters. 
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1.2 Clinical Assessment 
In the clinic one is confronted with patients with neglect symptoms, who also experience 
several other kinds of distress following a stroke, or as Luria (1979) put it, in the clinic 
one is confronted with 'an unknown bundle of problems and resources: the patient' (p. 
141). The patient needs the best assessment and treatment that is available, but 
unfortunately, there is no generally accepted, reliable, ecologically valid testing 
procedure; there is not even a standardized test method for the laboratory. Similarly, there 
are no generally beneficial treatment methods. In the absence of a comprehensive 
theoretical framework and of generally accepted clinical tools, we will argue that careful 
observation of neglect behaviour in the natural context, against a background of 
contemporary theories of neglect, is a valuable addition to formal testing and controlled 
experimental studies. This implies that the clinician has to adopt a genuine attitude of 
critical curiosity about the patients' behaviour, that may guide the clinical observational 
techniques that are employed. Later in this first chapter, I will develop examples of the 
desired way of observing patients with neglect, as a means to increase insight and 
understanding of the intriguing phenomena. However, the mere clinical symptoms and 
methods to test for the severity of neglect will be sketched first. 
1.2.1 Recognizing neglect. 
Neglect may be expressed in many behaviours as a discrepancy between leftward and 
rightward orienting tendencies. No patient has all symptoms, and many symptoms have 
been shown to be double dissociated. We will now sketch some of the behaviours that are 
most common, in order to facilitate their recognition by the reader. While moving about, 
neglect patients may bump into objects4. Others may have an extreme tendency to turn 
right all the time, and therefore they may get lost. In a social situation they may ignore 
people talking to them on the left. Some patients fail to establish eye contact, and seem 
4
 There are many reasons why a patient with neglect may bump into objects. Such a 
patient may not detect the object, or fail to estimate its position, or be literally attracted 
to it by primitive perception and action linkages. The phenomenon of bumping into 
objects has been studied in nine patients in more detail in Chapter 6. A doorway like 
aperture was used with a varying width, and with coloured cues attached to it. Patients 
with a hemplegic gait pattern, but without neglect, almost never bumped into the 
'doorway'. Patients with mild neglect tended to bump into the left side, whereas patients 
with right neglect tended to bump into the right side. It was as if they were irresistaby 
attracted to the right side of space. The coloured cue had no effect. Furthermore, motor 
aspects of neglect are discussed in more detail in Chapter 7. 
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to stare at a point far behind the conversation partner. Patients may also choose an 
inappropriate distance from others. All in all they may have a severe social handicap. 
Neglect patients may have omissions in counting or ordering objects. They may 
mis letters at the beginning of words, or miss complete words in a text, and they may 
show similar problems in writing. Some patients may forget to wash, shave or make-up 
the left side of the face, although for instance shaving problems may also be caused by 
the fact that these patients often cannot use their hémiplégie left hand to tighten the skin. 
A patient may look untidy, because he only wipes the right side of his face after a meal. 
Neglect patients may also have dramatic trouble in dressing themselves (see also the 
example of Mr. D in section 1.3.5). 
Neglect is not only observable in overt behaviour, but may also show up in the 
performance of a mental task like arithmetic, when numbers have to be kept in mind for 
further processing. Patients tend to 'forget' about the tens or the hundreds. Mesulam 
(1981) described a patient with both a delirium tremens and a stroke who was shouting 
at appearances at his right, but not at his left. 
1.2.2 Measuring neglect. 
Neglect may be objectified and quantified with the help of several types of tests. In the 
first place there are the cancellation tasks, in which a subject has to cancel out, or mark 
with a pencil, a subset of target stimuli in a whole page full of distractors (see Figure 1A 
for a few examples). The material can exist of letters, digits, abstract or concrete figures 
or short lines. Patients with neglect tend to omit targets on the left of the page, but 
omissions on the right are often observed as well. The more the arrays are structured in 
rows and columns, the less omissions are being made (Weintraub and Mesulam, 1988). 
Secondly, there are line bisection tests, in which the centre of one of more lines has to 
be estimated and marked. A patient will typically place the estimation mark too far to the 
right, presumably because he 'neglects' the left part of it. However, in several studies 
anomalous left sided errors have been observed5. An example of a line bisection test is 
5
 Although line bisection is a common test for neglect, it is completely obscure what 
the task demands are. In other words, we can only speculate what is being measured by 
the pattern of errors the patients make. Although this pattern is supposed to be highly 
systematical, in that long lines elicit larger errors than short lines, and very short lines 
elicit estimation marks to the left of the true centre, there seems to be a paradox here. 
There are many unaccounted examples of 'right neglect' in patients with left neglect in 
literature. Moreover, in our screening battery we observed that almost all patients made 
at least one paradoxical error, that could not be explained by any of the common theories. 
An analysis of such paradoxical errors in line bisection is presented in chapter 4. 
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the procedure devised by Schenkenberg, Bradford and Ajax (1980), in which there are 
18 lines of different length, placed pseudo randomly on the page, such that six lines are 
left of centre, six are in the centre and six are on the right. One can compute whether 
there is an effect of line length or line placement. Patients with severe neglect tend to 
omit complete lines on the left (Figure IB). Thirdly, we can use drawing from memory 
or copying to elicit neglect symptoms (Figure 1С). Flowers and clock-faces are designs 
that show either placement of all details on the entire circumference to the right, or 
omission of some details on the left. Finally, neglect may show up in writing and reading 
skills. 
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Figure 1.1 Some tests for measuring the severity of neglect. (A) Cancellation 
tasks, in which targets (here the small stars and the E and R) have to be cancelled 
out. Circled targets indicate omissions. (B) Line bisection. Subjects have to mark 
the centre of each line. Neglect patients often place their estimated centre to the 
right of the true centre. They also tend to skip lines. (C) Drawings. Details on 
the left are omitted, or placed on the right. Often the whole figure is placed on 
the extreme right of the paper. 
Tests for neglect such as the ones mentioned above, are worthwhile, because they offer 
the opportunity to make standardized observations of individual cases, and to record 
recovery of function. However, there are at least four serious problems. The first problem 
is that there is no standardized test or battery of tests of neglect, that can account for the 
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important theoretical and clinical distinctions that exist, as will be shown below. An 
attempt to devise a comprehensive battery for the behavioral assessment of neglect was 
made by Wilson, Cockburn and Halligan (1987). However, this battery fails to manipulate 
important variables, such as the role of movement, the role of distance, the effects of 
cuing, or the presence of neglect in another than the visual modality. The second problem 
is that an interpretation of the results of plain paper and pencil tasks (or of performance 
on computerized tasks, for that matter) in terms of the strength or weaknes of the patient, 
or in terms of the impairment(s) of underlying functions is yet impossible. Like many 
neuropsychological tests, tests for neglect do elicit certain symptoms, but little is known 
about the way in which the observed pathological behaviour is brought about. Thus, a 
score on a test may help to classify the behaviour, but cannot in itself serve to explain it. 
The third problem is the differences in sensitivity across the available tests. As a 
consequence, estimates of the number of patients suffering from neglect are very 
divergent. In a study by Wade, Woods and Langton Hewer (1988) is was concluded that 
30% of the patients with a stroke in the RH, and 22% of the patients with a stroke in the 
LH showed neglect. However, in another study it was concluded that 95% of the patients 
with a stroke in the RH showed neglect, and only 15% of the patients with a stroke in the 
LH (Schenkenberg, Bradford and Ajax, 1980). Wade et al. (1988) employed a 
cancellation task whereas Schenkenberg et al. (1980) used a complex line bisection task. 
Thus, line bisection appears to be more sensitive. A final problem is the puzzling 
observation of double dissociations among two tests that are both meant to measure the 
same symptom (Halligan and Marshall, 1992). Two patients were described with 
pathological performance on line bisection, and normal performance on a cancellation 
task, whereas two others were described with the reverse pattern of performance. This 
striking and unexplained double dissociation has as a practical implication that even an 
operational definition in terms of a test score is not sufficiently sensitive. Does a patient 
with a pathological score on test A -but normal performance on test B- have neglect or 
not? And what would we conclude if only test В had been used? 
1.3 Explaining neglect 
Although recognition and measurement of the neglect symptoms appear to be simple, it 
is much more difficult to explain the patients' behaviour. At this moment there is a gap 
between the experimental laboratory and the clinic. Some experimental psychologists 
would favour bridging this gap by employing a clinical approach, in which 'hypotheses 
concerning the deficits should be explored in a more rigorous experimental fashion' 
(Riddoch & Humphreys, 1994, page 143). However, the point of view that will be 
expressed in this paper is that in rehabilitation, for several reasons, it may be wise to 
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employ a conceptualisation of neglect behaviour that is essentially based on the analysis 
of perceptual, attentional and visuomotor skills, rather than deficits in functions or 
processes. The question then becomes: 'what is the role of the symptom in the 
performance of a given skill?.' Given the fact that it is not (yet) possible to restore 
cognitive processing directly, the most realistic and promising approach in the clinic 
appears to be the prevention of disabilities and handicaps (for a definition of disability and 
handicap see ICIDH, WHO, 1980), for instance by the restoration (or relearning) of 
relevant daily life skills. In striving to attain such a goal, the main questions appear to be: 
what environmental factors, what types of help, what types of reinforcement can be used 
in the case of a given patient to attenuate his neglect in daily life? For the purpose of 
answering such question, an analysis of the patient's performance in highly artificial, 
experimental tasks, does not seem to be sufficient. Although such an approach is probably 
extremely fruitful in the long run in testing hypotheses about specific, hypothetical 
cognitive functions, it may only give few starting-points for therapy (Geurts and Mulder, 
1991; Mulder and Geurts, 1993). 
The questions in the clinical situation may require a different level of analysis than 
experimental neuropsychology. Clinical questions are action oriented. They have to be 
formulated in terms of what can be done to help the patient, more than wanting a deeper 
understanding of the phenomena in themselves. This implies that theories may be 
worthwhile in a very practical and applied sense, to predict the behaviour of individual 
patients. A theoretical background is very useful in manipulating the environment in such 
a way that we can influence the typical pattern of neglect behaviour, or tease out specific 
symptoms. Such manipulations should in fact be seen as experiments that enable one to 
interpret the patient's pathological behaviour. In this text, several examples of this way 
of looking at the behaviour of patients with neglect will be given and it will be attempted 
to place them in a theoretical framework. 
I started this chapter by stating that there is no simple or single explanation for 
neglect. There are, however, several theories, sometimes contradicting, sometimes 
supplementary, each of which appears to focus on specific aspects of the patients' 
behaviour. Therefore, at this stage a clinical neuropsychologist should preferably apply 
whatever theory proves to be useful and valuable as a background for his own 
observations. The clinician cannot rely on 'truths', or valid procedures, and he or she will 
have to do careful, theory based clinical-experimental observations, to find out whether 
there are problems to be expected outside the realm of paper and pencil tasks, and to find 
out what factors may attenuate the symptoms in the test situation, and eventually in daily 
life. In a nutshell I will sketch some of the relevant phenomena in neglect, and the 
theories related to them. I will arrange these under the headings of attention, 
representation, motor aspects, body schema, and anosognosia. Finally, some examples 
7 
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will be shown, of what these phenomena and their theoretical explanation may mean for 
clinical practice. 
13.1 Attention. 
An apparently straightforward explanation of neglect is in terms of a disorder of directed 
attention. However, although it has been quoted very often that 'everybody knows what 
attention is' attention is one of the concepts that is extremely difficult to study empirically 
and even more difficult to define in a theoretical framework. Attention is clearly not an 
explaining agent, but it is a concept that requires explanation. Concepts of attention can 
nevertheless structure our thoughts somewhat. A simple explanation of neglect in terms 
of attention is therefore impossible. Attention is a multifaceted, complex concept (see 
Allport, 1993, for a critical review). Firstly, attention can be viewed as encompassing the 
selective mechanisms that enable us to process some information at a conscious level, 
while leaving other information outside consciousness. A spotlight can very well serve as 
a metaphor of selective attention. A spotlight can be directed in the horizontal, the 
vertical and the sagittal plane, and its focus can be broadened or narrowed. The spotlight 
is essentially moved in a spatial framework, so its operation is essentially controlled by 
spatial information (e.g. Umiltà, 1988). The spotlight analogy has inspired much research 
into neglect, because it typically entails a failure to address certain regions of space 
(Posner, Walker, Friedrich, and Rafal, 1984). 
A second aspect of attention is its intensity, which is also accompanied by a 
certain level of arousal. Recent studies have shown that the arousal system appears to 
modulate the spatial attention system, in that increased levels of arousal are accompanied 
by a narrowing of the spatial attentional spotlight (Posner and Petersen, 1990; Robertson, 
1993a). Most attentional theories of neglect capitalize on the selective attention deficits. 
They may share roughly the same mechanisms, but the way they interact may be 
somewhat different. The third aspect of attention is its control function in the 
performance of difficult tasks. This concept of attention has a function in planning and 
achievement of a goal (Shallice, 1988). This aspect is extremely important in daily 
functioning, especially in an unstructured environment (such as daily life often is). 
Neglect patients often have important deficits in the structuring of spatial behaviour, 
which have been remediated, and therefore have been studied in a clinical sense by Diller 
and colleagues (Diller and Riley, 1993; Gordon, 1987). 
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1.3.1.1 Extinction 
The most profound attentional aspect of neglect is extinction to double simultaneous 
stimulation. The term extinction in this context has nothing to do with the extinction of 
a conditioned response as in learning theory. Extinction occurs only in the presence of 
more than one stimulus. The patient is well able to detect a single target in contralateral 
space (be it visual, tactile, or auditory) but he fails to detect the same target when it is 
accompanied by a second stimulus that is located relatively more to the ipsilateral side. 
It is as if the ipsilateral stimulus attracts now all attention, leaving the contralateral one 
'extinguished'. A consequence of this phenomenon in daily life is that there are always 
distractors. Patients with extinction may perform much better in a clinical test situation 
than for instance, in their home or at work. Their attentional problems may only be 
revealed when these are tested explicitly. This is a simple procedure. The patient is 
presented in a random order with either one or two stimuli (for instance the 
experimenter's fingers presented at one side or both sides of the nose, or slight touch on 
one or two hands and/or cheeks, one or two clicking sounds) on one side, or two 
simultaneous stimuli on both sides. The patients task is to report the number of stimuli. 
Testing for motor extinction can be done by asking the patient to lift either or both arms. 
Extinction has been explained as either a deficit of a contralateral attention 
operation or as a hyperattraction of ipsilateral attention. Posner et al. (1984) reported a 
now classical study with patients with parietal lesions (but not all of them had clinical 
signs of neglect), in which they suggested that not the orientation system as a whole, but 
a specific attentional operation was impaired. Posner assumed that selective attention 
could be compared with operating a spotlight. He also assumed that three mental 
operations were necessary and sufficient to direct the spotlight in space: attention has to 
be 'disengaged' from the current location; it has to move towards the new location of 
interest; and, finally, attention has to be 'engaged' to this location of interest. In a cued 
reaction experiment the patient was fixating the centre of a videoscreen. On either side 
appeared a square box, one of which was brightened up, to function as an attention 
attracting cue. After a varying interval, the target, an 'X' within one of the squares, 
appeared. The subject had to indicate his detection of the target by pushing a button. In 
most trials the cue was valid, that is it predicted the appearance of the target correctly. 
However, in 25% of the trials, the cue was invalid, that is, it was followed by a target 
on the other side. Invalid trials with a cue on the ipsilateral side were the trials of interest. 
In these trials, patients with unilateral parietal damage, showed tremendous delays of their 
RTs, whereas they reacted almost normally in the other conditions. This was explained 
by Posner and colleagues (Posner et al. 1984) as a deficit in disengaging the attentional 
spotlight from the ipsilateral invalidly cued location. In other words, their attention 
showed a tendency to 'stick' to the rightmost element of a visual display (Posner et al., 
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1984). Recently, however, D'Erme and colleagues (1991) showed in an ingenious 
experiment that the results of the experiment of Posner et al. (1984) may very well be 
explained in terms of a hyperattentional attraction to the right, without the postulation of 
a specific disengage operation. They discovered that the mere presence of a 'box' on the 
screen (like the one that could be brightened up as a cue) attracted attention. Thus, even 
before anything was manipulated, the patients were attracted automatically to a non-
relevant event on the right side. The merit of the hyperattentional hypothesis is its 
parsimoniousness6. 
1.3.1.2 Hyperattention 
Whereas Heilman and colleagues (Heilman, Valenstein and Watson, 1985; Heilman, 
Watson and Valenstein, 1985), Mesulam (1981), and Posner and Petersen (1990) assumed 
a special role in attention for the right hemisphere, Kinsbourne (1987; 1993) assumed that 
the left hemisphere is dominant for orienting in space. Basic to the latter model are so 
called 'turning tendencies'. An organism -even a primitive one - orients itself in space by 
turning the body, the head, or the eyes to the left or to the right, or by a similar, but 
covert shift attention. Such a turning tendency may be conceptualized as a vector, that has 
both a direction and a length (or strength). Kinsbourne assumes that the lateral tendencies 
are opponential, in that each hemisphere's orienting tendency inhibits the contralateral 
orienting tendency. Thus, when a stimulus appearing on the left side of space attracts the 
right hemisphere's orienting tendency, the turning tendencies of the contralateral 
hemisphere are consequently inhibited. In a rich environment there will always be 
conflicting turning tendencies, conflicts which may be resolved by inhibiting the weakest 
vector. Because this inhibition is released as soon as the orienting movement has been 
carried out, the system will be biased to orient itself to the other side. Such a competitive 
system allows for flexible, situation based orienting behaviour. Furthermore, Kinsbourne 
assumes that, for various reasons, the left hemisphere's turning tendencies are slightly 
Factors with respect to visual detection (or attention) and motor preparation are very 
difficult to disentangle in experimental tasks, because the two are usually closely 
intertwined. In Chapter 2 I will present a study in which I tried to disentangle input and 
output factors in neglect, by manilulating the side of the target, the side of the response, 
and the possibility to plan the response in advance. Ten patients participated, under 
conditions eliciting response patterns much like the extinction like reaction time pattern 
discussed above. The results show that perceptual factors can account for all RT effects, 
implying that there was no evidence for 'pure' motor factors in RT. This lack of motor 
factors in RT does not generalize to motor factors in different parameters, like movement 
amplitude. The results imply, however, that temporal aspects of movement initiation are 
not affected by neglect. 
10 
Beyond test scores 
stronger than those of the right hemisphere's ones. A lesion of one hemisphere will result 
in its underactivation and subsequent weakening of its own orienting tendency, as well as 
of its power to inhibit the contralateral orienting tendencies. Because of its assumed 
dominance, lesions of the left hemisphere result only in a small orienting deficit, and a 
slight neglect. When the right hemisphere is lesioned, on the contrary, it is assumed to 
have lost its ability to inhibit the left hemisphere's inherently stronger turning tendencies 
and therefore the organism will exhibit strong rightward orienting. Thus, in the model of 
Kinsbourne, neglect is not conceptualized as a deficit in leftward orienting, but rather as 
a disinhibited tendency to rightward orienting. Now, it is easy to see that the assumed 
disequilibrium between the two hemispheres accounts for a biased attention gradient, and 
not for a deficit of attention beyond a certain spatial border with intact attention on the 
'good', right hand side of that border. This is because the RH will still influence 
orienting, even though it is systematically weaker. In an empty space, without distracting 
stimuli, a patient with severe neglect will be able to detect any object on the left side. 
When competing stimuli are available, however, the subject will orient towards the one 
at the most rightward position, even if it is to the left of the subject's sagittal plane. This 
theory predicts, like any theory on extinction, that patients with neglect will perform 
better in a visual environment without distractors. Moreover, it predicts that any stimulus 
appearing on the patient's right side will increase his or her orienting to that side and will 
therefore result in neglect of the left. 
We may illustrate this with the following example. Mr. Twos tested in a room 
that was to be redecorated; the furniture was moved, and for this occasion tester 
and subject were forced to sit next to each other. Initially, the tester was seated 
to the right side of Mr. T. In the line bisection procedure (Schenkenberg, 
Bradford and Ajax, 1980) his mean displacement of the centre was 34 mm to the 
right, and he missed all lines on the left and one in the centre. Then the tester 
changed seats with Mr. T. and repeated the test. Now, the mean displacement was 
21 mm to the right, whereas he only missed two lines. Testing was done in 
silence. This 'experiment' was repeated approximately one week later, the order 
of the conditions was now reversed. The results pointed in the same direction, see 
Table 1. 
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Table 1. T's performance on a line bisection test as a function of the 
experimenter's position. 
Position of 
experimenter 
Left 
Left 
Right 
Right 
Trial 
1 
2 
1 
2 
Number of omitted 
lines 
2 
0 
7 
2 
Mean deviation 
from the centre 
21 mm 
13 mm 
34 mm 
19 mm 
We may conclude that the position of the person who is testing a patient is crucial. It 
appears that a large object on the patients right exerts an almost magnetic attraction of his 
attentional orienting, whereas the same object on his left appears to diminish the extreme 
rightward orienting somewhat and give rise to more adequate leftward orienting. Of 
course, the same pattern of performance may also be explained in terms of an inability 
to disengage attention from a rightward position, in order to move it leftward. On the 
basis of these observations, it is not possible to decide which theory gives the 'best' 
explanation, but both theories open our eyes to the disabling effect of distracting stimuli. 
The virtue of a model of released automatic orienting is that it explains the same 
phenomena, while requiring fewer concepts or mechanisms than the above model by 
Posner et al. (1984). 
In many patients neglect is accompanied by an extreme verbosity (Kinsbourne, 
1987). Patients appear to talk all the time, and we may explain this in terms of a 
hyperactivation of the left hemisphere, which the impaired right hemisphere is unable to 
inhibit. Plain observation of these patients led me to conclude that talking appeared to 
interfere disproportionally with their performance in visuo spatial tasks. Thus, if one 
prompts such patients to stop talking while performing a nonverbal task, their 
performance appears to improve. Instead of overt talking, some patients may mention a 
hyperverbosity of thought, which (if it is not relevant to the task at hand) may also 
interfere with their performance on other tasks. Of course, inner speech may have an 
adaptive control function, and there is no need to reduce strategic self instruction, or 
otherwise adaptive forms of vocalisation. From a clinical, but also from a theoretical point 
of view, it is of interest to find out if there are ways to reduce the overt or covert task-
irrelevant speech activities of neglect patients. 
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Having arrived at this point, let me describe the case ofGJ. a man in his forties, 
with a severe neglect on several tests, whose reaction times to targets on the left 
were extremely slow. He reported an impetuous stream of verbal thought, which 
appeared to indicate that the left hemisphere was released from inhibition by the 
right one. There is some evidence that listening to music may activate the right 
hemisphere, and hence help to direct attention to the left (Segalowitz and 
Plantery, 1985). Therefore, it was proposed that listening to music would both 
diminish this patient's internal speech, and have a positive effect on his leftward 
orienting ability. The latter could be measured by means of reaction times. A 
counterbalanced ABBA design was used. G.J. was presented with a classical flute 
concerto through headphones. In the two baseline measures, the mean difference 
in RT between left and right targets was 345 ms, whereas in the two measures 
with music, this difference was reduced to 92 ms. Moreover, the patient reported 
some beneficial effect of the music on his flow of thought. The results of this 
single-case study were in accordance with the hemispheric activation hypothesis7. 
1.3.1.3 Arousal Activation 
Another way to conceive of neglect as an attentional deficit is shown in the network 
model of Heilman and colleagues (Heilman, Valenstein and Watson, 1985; Heilman, 
Watson and Valenstein, 1985), and the highly similar model of Mesulam (1981). 
Heilman and colleagues (Heilman, Valenstein and Watson, 1985; Heilman, 
Watson and Valenstein, 1985) developed a complex neurological network model of brain 
structures and their functional connections, in which both hemispheres each possess their 
own attention arousal system. This network has also been characterized as a loop with 
four components, named the reticulo-thalamic-cortico-limbic loop. Lesions in different 
parts of the loop supposedly give rise to at least four forms or manifestations of neglect: 
hemi-inattention, extinction to simultaneous stimulation, intentional neglect (or hemi-
hypokinesia), and hemispatial neglect. These hypothetical forms are not easy to 
disentangle in empirical research, however, but as we shall see below, the model can 
explain some features of the patients' behaviour. The structure of the model is as follows. 
The effect of listening to music was explored in a controlled group study with nine 
patients, and nine control subjects. It was hypothesized that music would activate the RH 
and would thus affect performance of patients with neglect. There were three conditions: 
silence, cheerful music and sad music. The experimental task was line bisection. The 
results showed that music did not improve performance, but did rather interfere with 
visuospatial orienting. This study is reported in Chapter 4. 
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The reticular component in the brainstem has a role in activating the homolateral cortex. 
From many multimodal cortical association areas there are activating projections to the 
brain stem, as well as inhibiting projections to the thalamic reticular nucleus. These 
cortical projections represent the top-down influence of higher order information 
processing upon attention. The limbic component attaches a motivational value to an 
environmental stimulus. The parietal cortex has an important role in representing the 
spatial aspects of the environment. Heilman assumes that the spatial representation in the 
right parietal cortex covers the entire space of the person's environment, whereas he 
assumes that the left hemisphere only covers the right hemispace. Furthermore, it was 
assumed that the homologue area of the contralateral hemisphere takes over the functions 
of the damaged area. This implies that damage to the LH can be compensated for by the 
spatial representation of the RH, whereas compensation for damage to the spatial 
representations of the RH can only partially be compensated for by the LH. Therefore, 
neglect symptoms may reflect takeover by the partially equipped spatial capacity of the 
LH. 
Mr. H. kindly agreed to participate in a demonstration video. We asked him to 
perform several tasks, in which he usually showed clear neglect symptoms. On the 
day of recording, he appeared to the room that served as a studio, finely dressed 
and clean shaven. On request he performed several tasks almost without any sign 
of neglect. However, after we thanked him for his cooperation, he threw his scarf 
over his right shoulder, ignoring the left one, and bumped painfully into the 
doorpost. 
This example illustrates how the task demands of a given situation can influence the level 
arousal and hence, the severity of neglect. Mr. H. had a very high drive to perform well, 
which probably raised his general level of arousal. Increased arousal improved his 
exploratory or orienting behaviour, whereas his symptoms reappeared when the situational 
demands were set to normal. 
An important mechanism in the development of neglect is the activation 
component. Motivational or arousal factors appear to influence the availability of attention 
or exploratory programs. This has implications for treatment. From the behaviour of Mr. 
H. it may be clear that exploratory behaviour is in itself not impaired. The problem seems 
to be the availability of the exploratory skills in the appropriate situation. Therefore, 
training of scanning algorithms seems inappropriate here. In contrast, one would expect 
that a program to increase levels of (hemisheric) arousal would be more beneficial. 
Robertson and colleagues (Robertson, North, and Geggie, 1993) recently described such 
a procedure, and found it to be effective. 
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1 J.2 Representation 
Not only may overt orienting behaviour and/or attention be impaired in patients with 
neglect, there is also evidence that their internal representation of space may be distorted. 
The concept of representation of space has evolved very rapidly over the past few years. 
We will first sketch the 'classical' view on spatial representation, and then proceed to a 
more recent, and realistic one. The classical demonstration of neglect as a representational 
deficit was given by Bisiach and Luzatti (1978). They asked patients with right brain 
damage and left neglect to describe from memory the Piazza del Duomo in Milano, a 
place which had been very familiar to them, as if they stood with their back to the 
cathedral. They failed to report buildings to their right. Then they were asked to describe 
the square as if they were standing on the other side, now facing the cathedral. Again, 
they failed to report building at their right, but these were buildings they had been 
reporting in the previous condition. Moreover, the buildings they mentioned now, were 
the ones they had missed before. Recall of visuospatial information from memory can be 
much affected just as visual exploration in real space. 
An internal spatial representation, arousal and goal directed behaviour may be 
intertwined to some extent. The following example of Mr. M. may illustrate this. 
Mr. M. had been living and working for about 45 years on his large farm, before 
he incurred a stroke in his right hemisphere. When he was asked to tell something 
about the farm, while drawing a ground-plan, he started drawing the parts on the 
right. He was drawing the drive, fruit trees, a garden, the house, the house of his 
brother whilst he was telling lively about it (see Figure 2A). Then he stopped 
acting at all. He just seemed to stare blankly at a point right in front of him. 
Questions with regard to the number of cows, or where the barn was, were 
answered monosyllabicly. That is, he could obviously answer the questions, but 
they did not elicit much spontaneous talk, nor would he draw the ground-plan 
further. However, when the paper was turned 180 degrees, in such a way that the 
house etc. were now to his left, Mr. M. appeared inspired again. His very 
imaginative stream of words was getting going again. While drawing the fields, 
the different barns, a parking lot and a ditch (see Figure 2B), he would talk 
nineteen to the dozen. 
This example shows how this patient's inability to use a spatial 
representation went with a reduced ability to recall information having less spatial 
features (like anecdotes, and specific things about the cows, about the new 
milking barn etcetera). Furthermore, this patient appeared unable to use verbal 
cues or specific questioning to control either recall processes or drawing. 
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Figure 1.2. Schematized reproduction of the ground-plan Mr. M. drew of his 
farm. (A) The initial version, with just parts on the right. (B) The stables, 
parking lot and ditch were added after the paper was turned 180 degrees. Now, 
he was able to add these very significant parts to the right of the display. 
Recent studies have made clear that although we experience space as a unity, our mental 
spatial representation appears to be fractionated (Paillard, 1991). Neurophysiological 
research indicates that spatial information may be coded in the brain in various different 
ways. Here, I will sketch two lines of evidence associated with neglect. Firstly, 
an important problem in spatial coding appears to be the extremely large number of 
degrees of freedom of the receptor organs in relation to each other. The eyes move in 
their eye-sockets, the head moves on the shoulders, we can rotate our trunks, and we look 
around while walking. If we take this into account, the simple statement that a patient 
with neglect ignores information to his or her left, suddenly becomes very puzzling. Left 
of what? Left of the line of sight, or left of the centre of the forehead, or left of the 
trunk? It appears that these anchor-points all contribute to the patient's representation of 
space. Bisiach, Capitani and Porta (198S) showed this when he required blindfolded 
patients to explore a tactile maze, in which a marble had been placed. They were asked 
to turn their heads either to the left or right, and the maze had been placed in different 
locations in front of them. The success rate of finding a marble on the left of the maze 
depended on both the position of the head and the position of the maze relative to the 
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trunk. This indicates that both the head and the trunk position play a role in the coding 
of space. 
Secondly, several studies on animal models of neglect have shown that there have 
been double dissociations with respect to different codings of space. Rizzolatti and 
colleagues (Rizzolatti and Gallese, 1988; Rizzolatti and Berti, 1990; 1993) studied 
monkeys with lesions in various brain areas, and they discovered that these areas were 
involved in several types of spatial behaviour. Some lesions caused a form of neglect that 
only affected eye movements to contralateral space, and resulted in neglect for objects far 
away. Other lesions only resulted in neglect for objects within the animal's reach. Again 
other lesions resulted in neglect for the space around the mouth of the animal. These 
animals failed to bite or gnaw at edible things or threats that were presented close to their 
mouth at the side contralateral to the lesion (for a review see Rizzolati and Gallese, 
1988). It is very difficult to replicate such findings in humans, because in humans, lesions 
that cause neglect are usually quite large, and nature seems to be less neat in lesioning her 
victims than the surgeon's knife. However, the animal studies cited above led to (a 
revaluation of) a number of clinical human observations of similar dissociations (see 
Rizzolati and Berti, 1993, for an overview). For instance, there is evidence that near 
space is coded differently and separately from far space. As early as 1941, Brain observed 
that there were patients who appeared to have problems in locomotion space, and tended 
to bump into objects, and that there were others who tended to fail to notice objects that 
were placed within hand's reach. More recently, a patient has been observed who 
exhibited signs of neglect for near space, but were very well able to play darts (Halligan 
and Marshall, 1991). 
An example of the consequences for the assessment of such a dissociation of near 
and far neglect, was shown by one of the patients in our clinic, who received 
rehabilitation treatment following a stroke. He had been a teacher for all his life, 
and he wished to return to class. After some instruction and practice, he managed 
to use adequate scanning strategies in reading and writing, and he also performed 
very well in some neglect tests. However, he was not aware of the fact that he 
still neglected events further away. A work trial was organized for him, and in the 
beginning of the lesson, he followed his notes carefully, but he did not notice at 
all when people in class, sitting to his left, tried to attract his attention in order 
to ask a question. In addition, later on he also lost track of his notes, possibly 
because the task demands exceeded his capacity for sustained attention as well. 
Alertness and directed attention in space may be intertwined, to some extent (Posner and 
Petersen, 1990). Similarly, sustained attention deficits appear to be part of the neglect 
syndrome (Robertson, 1993a). The increase of neglect over time in the work trial 
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described above shows that, if we had a narrow view on neglect, as just a unilateral 
disorder of orienting, and if we had relied on test results only, we would have been far 
more positive in the prediction of success than the patient's actual classroom performance 
would justify. It is important to note that insight in theories on attention may be of great 
help in recognizing symptoms and predicting a patient's performance in everyday, 
complex task performance. 
Although it was not very reliably measured, the teacher that was described above, 
showed signs of far neglect, without near neglect. A conclusion that may be drawn from 
such observations, is that egocentric space appears to be coded in terms of the effector 
organs that are used to act in that region of space. Therefore, when a patient is only 
assessed with paper and pencil tasks, some symptoms that are highly relevant for real life 
tasks or rehabilitation success may be missed. Furthermore, once one has some insight 
in the different ways in which spatial information may be coded,, one should hardly be 
surprised to find that so many training or rehabilitation efforts fail to generalize to more 
complex, daily life situations. For instance, Webster, Cottam, Gouvier et al. (1988) found 
only a modest effect of visual scanning training in wheelchair driving. We may argue, that 
the relearning of scanning habits, results in better scanning, but not necessarily in better 
visuomotor integration. The latter may involve, in addition, mapping visual space to the 
(highly incompatible) motor commands that are necessary for wheelchair driving. At this 
moment little is known about how such generalization could be accomplished, but it 
appears that for the time being, it is wise to capitalize on the relearning of skills that are 
very similar to the daily life situations in which they are to be applied (Robertson, 
1993b). 
13.3 Motor aspects of neglect 
So far, we have tried to interpret neglect phenomena in terms of attention or mental 
representation. However, there are phenomena that cannot be explained in terms of 
'classical' attention. Although most definitions of neglect have been given in terms of 
orienting or responding behaviour, the fact that some patients show selective impairments 
at various levels of motor organization -and not specifically in visual detection- is very 
puzzling to all researchers in the field (Bisiach, 1993; Mattingley, Bradshaw and Phillips, 
1992; 1994). Movement related phenomena in neglect are very heterogeneous, and they 
can be grouped into four tentative clusters, one with respect to the side of the limb, and 
three with respect to the direction of the movement being made with either limb. 
(1) Motor neglect is the underemployment of the limbs contralateral of the lesion, 
that cannot be accounted for by hemiparesis or hemiplegia (Laplane and Degos, 1983). 
Thus, these patients fail to use the affected limb spontaneously in bimanual tasks, in 
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walking, or in placing reactions. However, when the patient is instructed (or instructs 
himself) to move the affected limb, both strength and movement extent are normal, or 
approach normality. 
(2) Directional hypokinesia is a slowness of initiation of a movement of either 
hand, directed to the side contralateral to the lesion. However, an impairment like this is 
difficult to diagnose, because in most studies either visual targets for a movement are 
employed, or the possibility exists that visual control of the movement is impaired by 
visual neglect or visual extinction. In Chapter 2 I will show that the phenomenon may 
evaporate when visual input is carefully controlled. 
(3) Directional bradykinesia is a slowness in the execution of similar movements 
as in (2). Mattingley et al. (1994) showed that bradykinetic leftward movements are 
characterized by an increase of the number of force pulses (in stead of a smooth 
acceleration), which may be accounted for by an impaired visuomotor transformation, or 
spatial representation of the trajectory. 
(4) Directional hypometria is the inability to move an effector organ with 
sufficient amplitude into or towards the contralateral hemispace. Thus, hypometric 
saccades (for instance, Karnath, 1994) prevent sufficient visual exploration of the left half 
of an image. Hypometric hand movements can be elicited by tasks with a S-R 
incompatibility, in which the side of the response has been decoupled from the side of the 
target (For instance by means of a set of mirrors). Such tasks have consistently revealed 
a very puzzling feature of the sensorimotor system. It has been shown in several 
paradigms that some patients' impairment to move their hand towards a target in left 
space, also prevents their 'seeing' that target. A pure motor deficit would evoke either a 
verbal response like 'I can't reach the target', or an attempt to compensate for the 
movement problem. However, these patients fail to detect the target for the leftward 
movement, even if it is placed on the right side of space, which suggests a certain 
interdependenc of visual detection and motor programming8. 
In Chapter 6 such motor aspects of neglect will be treated in more detail. It will be 
shown that many neglect phenomena in the motor domain impose serious constraints to 
a theoretical explanation of neglect. Although the phenomena are very puzzling, it will 
be made clear that observations like a primary motor bias, the interdependencies of 
perceptual and motor processing, paradoxical right neglect in patients with directional 
hypometria, all show the relative lack of explanatory power of serial models of attention 
and performance (Allport, 1993). 
19 
Chapter 1 
13.4 Impairments of the body schema. 
Patients with neglect often show serious problems in rehabilitation. An obvious reason is 
that they fail to pay any attention to therapy directed at their affected, hémiplégie 
bodyparts. As will be shown below, there are many different impairments of the body 
schema, some with quite bizarre symptoms (Frederiks, 1985). Such impairments of the 
body schema are too often interpreted in a psychological framework of denial, whereas 
the fact that such phenomena only occur after damage to the right parietal cortex suggests 
an unequivocal relationship with the brain lesion (McGlynn and Schacter, 1989). A patient 
may deny the existence of hemiplegia and insist that he or she can walk as before. This 
is the common form of anosognosia. Patients often do submit themselves to medical care 
(which is, in fact, paradoxical for someone who denies any physical problem), but they 
have a clear risk of falling when they decide to walk out of bed with a hemiplegia. A 
patient may also deny that they own their affected limbs (somatoparaphrenia), and 
conclude that someone else's arm or leg is in their bed. There is a well known, but (as 
far as I know) not verified anecdote of a soldier with brain damage in a lazaret, who shot 
himself in the left shoulder, because he had concluded that the enemy was in his bed. A 
different, contrasting symptom is the illusion that the affected limbs felt to be moving. If 
the patient would watch his arm, which he will not do voluntarily, he would see that the 
arm is lying still. However, the patient may report and believe that the arm is involved 
in purposive actions. It is to be noted that the patient experiences that the arm is moving, 
while it is not, whereas neglect is usually characterized by the absence of awareness of 
events that do happen. It may be clear that patients described above are not fully aware 
of the consequences of their stroke. Hence, disorders of the body schema are the most 
obvious instances of lack of insight or anosognosia. 
1.3.5 Anosognosia. 
In view of the attentional and representational explanations of neglect sketched above, it 
will not be surprising that the patients' perception or awareness of their own behaviour 
may be impaired. The lack of insight into one's own pathological state has been called 
anosognosia (for a thorough review see McGlynn and Schacter, 1991). Lack of insight 
can be uttered explicitly and verbally. However, sometimes even more striking is the total 
absence of any sensible response of some patients to their own failures. Some may appear 
to 'put the blame on others' or give extremely inappropriate excuses. It appears to be that 
the critical control of behaviour is lacking. Thus, some patients do not experience their 
errors as a nuisance, or they blame the situation, and therefore they never tend to try to 
restore their performance. As a contrast, we may mention a primary sensory deficit like 
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for instance hemianopsia, in which patients often compensate for their scotomata by using 
eye or head movements. Another striking contrast may be the exclamation of Zasetski, 
the author of the diary in Luria's 'The man with a shattered world' (1972): 'I shuddered 
and became deadly scared: I didn't see the right side of my body. Where had my arm and 
leg gone?' (p. 141). To the contrary, some patients with neglect for their impaired side 
of the body, do not even appear to notice its absence from sensory awareness. 
77iiî was shown in the behaviour of Mr. D., who had neglect for the left part of 
his body. Often there were particles of food on the left part of his chin. Whereas 
his partner would feel embarrassed by that, Mr. D. himself was essentially 
ignorant about all this. Furthermore, when putting on a jacket, he would always 
get caught in a fight with the garment. He would put his right arm in one of the 
sleeves, and next try and pull at both sides of the front, although this never 
succeeded. In response to questions, he would state that there was clearly 
something wrong with the making of the jacket. Only would he admit that he had 
forgotten his left arm in the dressing procedure after intensive discussion. 
Awareness may sometimes be present at the verbal level, while in the same patient there 
is a clear lack of awareness at the behavioral level (Diller and Riley, 1993; Diller and 
Weinberg, 1993). In other words, explicit and implicit awareness do not always correlate. 
1.3.6 From theory to practice 
Neglect has shown to be a complex, multifacetted cluster of phenomena. Most 
explanations are either limited in scope (Frederiks, 1985; Posner et al. 1984), or lack 
empirical grounding in human subjects (Heilman et al., 1985; Mesulam, 1981; Rizzolatti 
and Berti, 1993). The limitation of the scope of a theory is of course well defensible in 
scientific discourse, but it narrows the applicability in practice. To the contrary, some 
general, multicomponential theories of attention, representation and neglect lack the power 
to distinguish between different aspects of performance. In this Chapter it is attempted to 
show how a theory can be a tool for observing a patient in a practical situation. Of 
course, a sound knowledge base increases one's observation skills. Moreover, contrary 
to assessment by means of classical neuropsychological tests, the style of observation 
sketched above can increase one's insight into the causal factors of a patient's 
performance. In addition, this way of qualitative observation does justice to individual 
differences. Finally, it is a heuristic for the development of theory. 
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A plea is made for the revaluation of skilled observation in neuropsychology, against a 
background of contemporary theory. The therapy situation can be a profound source of 
such observations, and therefore, it can be of great value for the development of 
theoretical insight (Seron, Deloche and Coyette, 1989). 
1.4 Treatment of neglect 
For a long time no special attention was being paid to the treatment of neglect. We can 
understand this, because the phenomena are not much of a nuisance as long as the patient 
is bedridden, which was of course the fate of many stroke patients in the past. When 
improvements of the specialized medical care for stroke patients gradually ameliorated the 
prognosis and the mobility of these patients, this resulted in an increase of accident prone 
behaviour (Diller and Weinberg, 1970). Even though there is a high degree of recovery 
in many patients, a minority is seriously disabled by the symptoms. This revealed the 
need for treatment of neglect. However, this was easier said than done, because already 
in 1962, Lawson observed in two cases that intensive instruction and counselling of the 
patients to 'look to the left', did not have the effect he hoped for. Since the start of a 
systematic, rational training programme by Diller and Weinberg (1977), the interest in 
such methods is growing rapidly. That programme has been a model for many clinics, 
because it is well documented, it has been systematically evaluated (Gordon et al., 1985), 
and it can be tailored to individual needs. 
The basic assumptions of this 'New York' programme are that the disabilities in 
the attentional and scanning skills can be divided in a number of specific basic skills or 
habits, which can be trained separately, with hierarchical modules. This enables the 
therapist to control the learning process. Three hierarchical levels of training, each 
consisting of several modules, have been designed. The first group of skills that is being 
trained is visual scanning. Besides a scanning apparatus with coloured lights, paper and 
pencil tasks of gradually increasing difficulty are used. The second group of skills is 
somatosensory awareness and estimation of the size of objects. Finally, special and 
systematical efforts are paid to integrating the elementary skills into complex tasks. For 
instance, when one has to compare two images, all strategies have to be combined in 
scanning and perceiving such a complex visual array. Or, in reading a text in a real life 
situation, one has to be able to restore the scanpath at the correct point after a distraction. 
Not until a patient can integrate compensatory strategies in complex tasks, the orienting 
skills have been automatized. 
A very important phase of the program is the thorough analysis of a patient's 
strengths, resources and weaknesses with respect to his or her neuropsychological 
functioning in general and his visuospatial information processing in particular. Besides 
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an assessment of the severity of the disorders, a qualitative analysis is made. How is the 
patient organizing his orienting behaviour, what strategies is he using, if any? What 
environmental or psychological factors affect hir or her performance? Has the patient 
insight in the disorder, and to what extent can he learn to improve his strategies. Is this 
insight expressed only in words or is it also reflected in the ongoing behaviour? The 
answers to such questions give direct starting-points for treatment. 
Patients with neglect may exhibit at least four problems that interfere with all 
levels of performance. Therefore, these problems require specific attention throughout the 
rehabilitation programme. The first, and perhaps most important problematic factor in 
recovery from neglect is the lack of insight in the patient's own maladaptive behaviour 
(in word and action). Telling the patient what is the matter is not sufficient; even showing 
the patient his own failures in his testing performance is not enough. Insight is not even 
increased when the therapist discusses the deficits in great detail in long therapeutical 
conversations with the patient. Seron et al. (1989) described a typical patient, who showed 
clear insight during such conversations, whereas between sessions the patient showed 
accident prone behaviour. Although the patient was able to express insight at a verbal 
level, there were obvious problems in integrating this insight into the ongoing behaviour. 
Verbal insight can be compared with knowing the rules of a game, which tells nothing 
about one's ability to play the game. Apparently, a transformation of verbal insight into 
action or procedural insight is required. Therefore, systematical and detailed feedback 
needs to be given given on the way in which the patient actually performs the training 
tasks, with continuous reference to the way the skills can be improved. 
The second problem are the consequences of primary visual impairments, like 
hemianopsia or visual agnosias, which often accompany neglect symptoms. These must 
be reduced as much as possible by prescribing correcting spectacles, or training to 
compensate for visual field defects and oculomotor deficits. The attentional cost of 
consciously compensating for such impairments may be very high, and interfere with 
neglect training. The third problem is the very hasty, careless character in which patients 
with neglect perform any task. Their speed has to be adapted to enable cautious, high 
quality performance. Diller and Weinberg (1977) show several methods to slow down the 
working speed, in order to enable the patient to adopt a conscious compensatory strategy. 
Mrs. Ρ was a 59 years old homemaker. She survived a large stroke of the right 
middle cerebral artery, two month before admission to the rehabilitation clinic. 
She had a dense hemiplegia and profound cognitive problems. Her WAISIQ had 
dropped to 74, with normal performance only in the 'Comprehension' subtest. 
Verbal memory was normal to good, while performance on visuospatial memory 
tests was clearly impaired. She had a severe neglect for the left side of space, and 
for the left side of her body. She often lost her way and seemed unable to learn 
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to navigate a wheelchair. For four weeks, Mrs. P. received a neglect training 
according to the Visual Information Processing (VIP) training methods of Oilier, 
Weinberg, Piasetsky et al. (1980) in an attempt to ameliorate her daily life 
performance in the clinic. The programme consisted of the VIP modules on visual 
scanning, of clock reading and basic time management, and of wheelchair 
navigation. Furthermore, specific attention was being paid to her trunk posture 
while sitting in the wheelchair, because she had a very poor trunk balance. She 
was trained four times a week, in addition to the normal rehabilitation program. 
The problems she had in the visual scanning task were omissions (more on the left 
than on the right), haphazard scanning pattern, saccades were too large for her 
functional visual field, and a hasty manner of proceeding. After four weeks there 
was insufficient progress. Mrs. P. succeeded in performing her training tasks with 
increasing success, but there was no generalization to any other task. Thus, she 
managed to perform letter cancellation tasks with only a few errors, but she made 
may neglect errors in reading any new text. She managed to read one specific 
clock, but she had problems with different clocks, or with clocks in different 
locations. Eventually, she learned the route from the ward to the therapy room 
by means of a verbal strategy. However, there was no flexibility in this strategy, 
because she kept requiring the same starting point (her bed), and failed to 
transfer the route finding strategy to another starting point. After four weeks it 
was concluded that Mrs. P. was unable to profit from training, and she was 
discharged. Because she was able to learn skills in a limited sense, she was 
referred for hometraining of basic personal care skills in her own environment. 
This training was succesful in the same limited sense. Because the skills were 
trained in the same situation in which they had to be applied, there was no need 
for generalization. 
The New York programme has been subject to continuous and critical evaluation, as a 
means to improve the methods. The most important criterion for such studies is whether 
the patients are helped. A patient is helped when he learns new, compensatory skills or 
strategies (other than spontaneous recovery) that improve his performance in various daily 
life tasks. Thus, trained skills must be applied in a different context than that in which 
they have been acquired. The issue of generalisation of skill learning has three levels 
(Gordon, 1987). The first level of generalisation is whether the patient can learn the 
'bare' strategies. That is, for instance, the generalisation from one day to the next, or the 
question whether the patient can move on to more demanding exercises. The second level 
of generalisation is transfer of a skill from one task to another. However, generalisation 
from one task to another has been shown to be rather limited. For instance, after training 
of visual scanning in letter or number cancellation tasks of increasing difficulty, a patient 
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often improves with respect to cancellation tests (see Figure 1) resembling the training 
tasks, but there is no improvement in other visuospatial tests like line bisection. The third 
and most important level of generalisation is the issue whether the patient is able to adopt 
the trained skills in daily life situations. A problem in the evaluation of real life skills is 
the measurement of 'normal' scanning behaviour in a complex situation with many 
degrees of freedom. There is of course no unprejudiced norm for, say, the number of 
forgotten articles in shopping. Pizzamiglio and coworkers (1992) developed a semi 
structured scale for the functional evaluation of neglect in daily life situations, like serving 
tea, and they showed that their training program resulted in generalisation to the daily life 
skills they observed. Moreover, it is relevant to know whether the patient shows the 
releamed skills in the absence of the therapist. Seron et al. (1989) suggested that the 
presence of the therapist is a strong contextual cue to elicit skilled behaviour, whereas the 
patient may fail to show this behaviour in the absence of such a 'cue'. 
Notwithstanding the problem of generalisation of skill training in neglect (for a 
review see Robertson, 1993b; 1994), recently a few commercial computerized training 
programs have been introduced. Given the problem of generalisation, and given the fact 
that none of these programs have been subject to proper evaluation, I doubt the clinical 
value of such products. Given the fact that the learning and application of skills is very 
context dependent, and even in normal adults there is hardly any evidence for spontaneous 
generalisation of skills, it seems unrealistic to expect lasting and general results of a Skill 
relearning strategy in neglect. There is a long way to go in developing methods of 
remediation of severe neglect. Recently, some potentially promising ideas have been 
reviewed by Robertson, Halligan and Marshall (1993), which are not dependent on 
learning compensatory skills, but on 'recalibrating' the sptaial representation system by 
external aids. 
1.5 Conclusion 
An obvious, self evident conclusion of this paper is that neglect is a complicated set of 
disorders, there is a lack of insight into its nature, and there is a lack of adequate clinical 
interventions. Therefore, more research is needed to increase our understanding as well 
as to find new and better ways of therapy. Although the number of conventional 
experimental studies has been accumulating, the number of thorough clinical intervention 
studies has lagged behind. Why is this? The clinical neuropsychologist who designs and 
executes treatments for neglect is in fact doing an experiment, because the conditions that 
may improve or hamper the patients performance are carefully studied. However, often 
the therapeutic efforts are seen as purely pragmatic and practical, and it appears hard to 
reveal their theoretical relevance. That is, perhaps, why the core problems of a patient 
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are sometimes only reported in subordinate clauses, and mere is a failure to interpret them 
in theoretical terms terms. For instance, the clear and reliable observation that the 
amplitude of the saccades to the right side of patients with neglect in cancellation training 
tasks is 'too large' and that there are specific exercises to reduce this amplitude (Diller, 
Weinberg, Piasetsky et al. 1980), has to me a theoretical relevance far beyond that of a 
symptom that requires some extra instruction. Developing a therapy for patients with 
neglect is a tremendous challenge for cross fertilization of theory and practice. The aim 
of this paper is to give an impulse for a new way of looking at a complex problem. 
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Chapter 2 l 
The role of visual detection 
and movement planning in neelect: 
no evidence for directional hypokinesia. 
Abstract - In ten right hemisphere stroke patients the role of input (or attentional) 
and output (or intentional) factors in unilateral neglect was studied in two reaction 
time (RT) experiments. In the first experiment the basic input impairment was 
assessed in a visual detection task, whereas output factors were manipulated by 
requiring directed movements. In all conditions RTs to left targets were slower 
than those to right targets. There were no specific output effects, which suggests 
that intentional factors did not contribute to the impairment. This suggestion was 
tested in the second experiment, in which a lateral movement was to be made 
following an auditory start signal. Again, no effect of movement direction was 
found. Hence, there was no evidence of directional hypokinesia, i.e. an 
independent delay in initiating a leftward directed movement. 
2.1 Introduction 
The aim of this study was to obtain evidence for differential contributions of input 
(attentional) and output (intentional) components in the performance of right hemisphere 
(RH) damaged stroke patients with neglect, in a series of reaction time tasks. In 
accordance with the theory put forth by Mesulam (1981), some research has focused on 
the input and output aspects of neglect. In that theory, attention was viewed as a complex 
network requiring complementary spatial representations, both for the facilitation of target 
detection and for the organization of exploratory movements in space. Consequently, 
neglect was viewed as the result of damage in one or more components of the attentional 
network. Although an absolute distinction between input and output components cannot 
be made, there is empirical support for a relative differentiation of input and output 
related types of neglect (Bisiach, 1994). On the input side, extinction to double 
simultaneous stimulation is considered to represent attentional neglect, which has been 
studied by means of the covert orienting paradigm (Posner, Walker, Friedrich & Rafal, 
1984). Findings concerning extinction have been replicated (Farah, Wong, Monheit & 
1
 This paper is accepted for publication, pending minor textual revisions, in Journal of Clinical 
and Experimental Neuropsychology. 
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Morrow, 1987; Morrow & Ratcliff, 1988;), and the paradigm was modified by D'Erme, 
Robertson, Bartolomeo, Daniele, and Gainotti (1992). These experiments revealed a 
deficit in orienting attention to the contralateral side of visual fixation, enhanced by an 
obligatory orientation of attention to any visual event on the ipsilateral side of fixation. 
The role of output factors in neglect is less clear. One reason for this is the 
heterogeneity of the movement related phenomena in neglect. An empirical taxonomy with 
respect to such impairments was recently proposed by Mattingley, Bradshaw, and Phillips 
(1991). They defined three separable disorders of goal-directed movements: (a) directional 
hypokinesia was defined as a delay in the initiation time of movements directed towards 
the contralateral side of space, irrespective of the hand being used and irrespective of the 
spatial field in which the hand was moving; (b) directional bradykinesia was defined as 
a slowness in the execution of such movements; and (c) directional hypometria was 
defined as an insufficient extent of such movements. 
Double dissociations of in- and output aspects of neglect have been observed in 
several studies (Bisiach, Geminiani, Berti, and Rusconi, 1990; Cosslet, Bowers, 
Fitzpatrick, Haws, and Heilman, 1990; Làdavas, Umiltà, Ziani, Brogi, and Minar ini, 
1993; Tegnér & Levander, 1991), which all employed directional hypometria as a 
measure of output aspects of neglect. The role of directional hypokinesia in neglect is less 
clear, however. Two studies have produced indications for its existence (Heilman, 
Bowers, Coslett, Whelan, and Watson, 1985; Mattingley et al., 1992), but they may raise 
some questions about the possible confounding role of visual factors in the impaired 
organization of movements. In the study by Heilman and colleagues (1985), a delay in the 
RT of movements in the left direction, as compared to those in the right direction has 
been observed. However, ipsilesional distractors may have contributed to the slowed RTs 
to the contralateral side, because the visual behaviour of the patients was not explicitly 
controlled. Hence, an explanation in terms of visual attention can not be ruled out. In the 
study by Mattingley and colleagues (1992), a delay in the RT of leftward movements was 
observed in a sequential movement task with visual targets. Again, these slow RTs may 
have resulted from impaired target detection, and hence, visual neglect. Finally, Mijovic 
(1991) found no evidence for directional hypokinesia in a manual exploration task in 
which target side and movement side were decoupled in an ingenuous way. On the basis 
of the studies described above, firm conclusions about the mere existence of directional 
hypokinesia are not allowed. 
In the first experiment of the present study, the possible influences of input and 
output aspects were controlled by manipulating both aspects in a single design. A visual 
detection task was employed as a baseline measure of attentional neglect. In this task the 
subjects had to push a button on which the finger was already resting, when a stimulus 
appeared on either the left or right side. It was expected that patients with neglect would 
show a delay in RT to stimuli on the left side. Two manipulations were added to the 
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detection task. The first was requiring a movement in the direction of the target. In 
addition to that, the second manipulation was a reduction in uncertainty of the target side, 
produced by presenting the targets blockwise. The first manipulation resulted in a choice 
reaction task, whereas the second one was a simple reaction. In a choice reaction task, 
the planning of the response has to await the appearance of the imperative stimulus, 
whereas in a simple reaction task the response can be planned in advance (Laszlo, 1992). 
An impairment in the organization of a response would result in an increase of the delay 
in RT to left responses in the choice reaction task, and hence, directional hypokinesia. In 
addition, it was relevant to know if such directional hypokinesia would benefit from the 
possibility of preplanning in the simple task. The main questions of this experiment were: 
(a) if the target side effect in the choice reaction task was larger than in the detection task, 
and (b) if the target side effect in the choice reaction task was larger than in the simple 
task. 
2.2 Method of Experiment 1 
Subjects. Ten right-handed patients with unilateral right brain damage, as assessed by CT 
scan, were selected from a rehabilitation centre population. For clinical details see Table 
2.1. Neglect was assessed by means of a line bisection test consisting of 18 lines 
(Schenkenberg, Bradford & Ajax, 1980), and a letter cancellation task (Wilson, Cockburn 
and Halligan, 1987). The patients' mean age was 60.3 years (range 42 - 74 years). All 
patients suffered from hemiplegia. Patient RH09 received anti-depressant drugs. The other 
patients received no drugs that might affect psychomotor performance. Ten right-handed 
subjects took part as controls, their mean age was 56.6 years (Range 27 - 82). 
Apparatus. A flat tabletop stimulus device (size 23 χ 30 cm) was used on which two red 
lights were placed 7 cm to the left and right of a central yellow fixation light. This small 
distance allowed subjects with a reduced visual field to detect both targets. All subjects 
had been tested in advance to verify this. The RTs were registered by a sliding device (a 
'crosshair'), that the subject could move across a digitizer, which was located on the table 
directly below the stimulus device. The sliding device was moved through a horizontal 
groove in a sheet of plexiglass. In addition to registering the RTs to the displacements, 
the RTs in the detection task were registered by a push button on the device, that was 
placed in the subjects midplane. The sampling rate of both tasks was 100 Hz. In order to 
meet the demands of moving towards a stimulus, stimuli and responses were located in 
the horizontal plane, instead of using the conventional set-up with an upright monitor and 
a horizontal keyboard. This modification had no effect on the detection time in a group 
often neglect patients (Tromp & Mulder, 1992). 
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Table 2.1 Patients' characteristics. 
RH1 
RH2 
RH3 
RH4 
RH5 
RH6 
RH7 
RH8 
RH9 
RH10 
Sex 
m 
m 
m 
m 
m 
f 
m 
m 
f 
f 
Age 
62 
57 
43 
69 
42 
68 
64 
67 
41 
74 
TPO 
31 
30 
23 
13 
23 
45 
6 
22 
18 
28 
Lesion 
i par/basal ganglia/frontal 
i par/ temporal 
i par/occipital/temporal 
i MCA 
i temporal/ central 
i MCA 
i MCA 
i MCA 
aneurysm Int. Carotid Artery 
i temporal/ frontal 
VFD 
У 
η 
У 
У 
η 
η 
η 
η 
У 
η 
Can 
8 
16 
22 
11 
36 
19 
13 
4 
14 
12 
Line 
7.0 
3.8 
-5.5 
12.3 
-
4.7 
10.6 
9.5 
16.6 
13.7 
Note. Duration = number of weeks since onset. Lesion: i = infarct; MCA = Middle Cerebral 
Artery. Visual field defects: у = yes; η = no. Cancel = number of omissions on letter cancellation 
(maximum is 40). Line bis = mean percent deviation score in a line bisection test consisting of 
18 lines (Schenkenberg et al., 1980). 
Procedure. The three task conditions (see Table 2.2) were presented in a random order. 
The sequence of stimuli and the recording of responses were computer-controlled. In the 
detection task, a button press with the right fore finger was required as a response for 
indicating detection of left and right targets. In the choice reaction task, the sliding device 
was held in the right hand, and it was moved in the direction parallel to the target. The 
subject had to stop below the target location. The extent of the movement was at least 
seven cm, and there were no demands with respect to accuracy. Before each condition 
there were practice trials to make sure that the movements had a sufficient extent. In the 
simple reaction task, lateral targets were presented in blocks, with the same responses as 
in the choice reaction task. The subject was seated in front of the apparatus described 
above, such that the centre of the digitizer was placed in the sagittal midplane of the 
trunk. A trial started when the subject placed the sliding device on the digitizer, exactly 
below the centre of the stimulus device. After 900 ms a central, yellow light lit up upon 
which the subject fixated. Stimulus onset asynchrony (SOA) was varied to control for 
anticipation and fixation. After an SOA interval of either 50,150, 550, or 1050 ms, a red 
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peripheral target light was lit. The subject's task was to react as quickly as possible to the 
target. The RT was the time between stimulus presentation and the start of the response. 
Table 2.2 Characteristics of the three experimental tasks in terms of stimulus uncertainty 
and response directionality. 
Task 
Detection 
Choice 
Simple 
Stimulus Characteristics 
50% uncertainty with 
respect to left or right side 
50% uncertainty with 
respect to left or right side 
No uncertainty, stimuli are 
presented in blocks 
Movement characteristics 
No lateral movement, 
button-push for each target 
Lateral movements in 
randomorder, in the 
direction of the target 
Lateral movements in the 
direction of the target, 
blocked 
There were 10 trials for each condition, so each subject completed 3 task conditions χ 2 
target sides χ 4 SOA intervals χ 10 trials = 240 trials. If necessary, the experiment was 
carried out on two or three days. 
2.3 Results and conclusion of experiment 1. 
Trials resulting in RTs less than 150 msec and longer than 3000 msec were repeated 
afterwards. The mean number of extremely short RTs in neglect patients was 13.20, and 
for control subjects it was 10.17 (NS). The mean number of extremely long RTs for the 
patients was 4, while for control subjects it was nil. For the group analyses the median 
RT of each cell was used as a dependent variable. The overall RT of the neglect patients 
was 602 ms (s.d. 137 ms), which was significantly slower than the RT of the control 
subjects of 336 ms (s.d. 17 ms); Œ(l,18) = 41.13, ρ, < .01. Patients reacted 149 ms 
slower to targets on the left than on the right, which was significant, F(l,9) = 32.52, p. 
< .01, whereas for the control group the target side effect was not significant (13 ms). 
There was a main effect for target side, F(l,18) = 35.96; ρ < .001. The interaction of 
group χ target side was significant, F(l,18) = 25.05; ρ < 001. The results for each task 
are shown in Table 2.2. The main effect for task was significant, F(2,36) = 23.45; p_ < 
.01, whereas the group χ task interaction was not. Duncan's multiple range test revealed 
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that the RTs for the detection task were significantly higher than those in the choice 
reaction task, and that the RTs in the choice reaction task were significantly higher than 
those in the simple reaction task. The main hypothesis of this study concerned the group 
by task by target side interaction. In Table 2.3 the results concerning this hypothesis are 
shown. The interaction was not significant. 
The RTs for conditions with an SOA of 50 ms, 150 ms, 550 ms, and 1050 ms 
were 657 ms (s.d 160), 615 ms (s.d. 133), 569 ms (s.d. 117), and 564 ms (s.d. 129) for 
the patients, and 357 ms (s.d. 34), 347 ms (s.d. 18), 317 (s.d. 17), and 321 ms (s.d. 19) 
for the controls, respectively. There was a main effect of SOA, F(3,54) = 13.98; p. < 
.001. There were no significant interactions with respect to this factor. 
Table 13 Summary of the RTs of the detection -, the choice - and the simple reaction 
task for the neglect patients and the control group. 
Group 
Patients 
Control 
Task 
Detection 
Choice 
Simple 
Detection 
Choice 
Simple 
General R7 
Mean 
690 
602 
512 
379 
335 
293 
s.d. 
177 
134 
118 
24 
22 
27 
Left 
Mean 
762 
665 
590 
379 
342 
305 
Target side 
s.d. 
411 
325 
409 
61 
48 
48 
Right 
Mean 
617 
540 
433 
379 
329 
281 
s.d. 
191 
146 
187 
54 
77 
40 
Individual results are given (Table 2.4), because input and output aspects of neglect may 
be double dissociated (Tegnér & Levander, 1991). Using a Bonferroni correction, no 
significant task by target side interaction was obtained for any patient. 
38 
Visual detection and movement planning in neglect 
Table 2.4 Mean difference in reaction time between left and right targets. 
Subject 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Patients 
Control 
group 
Detection 
Mean 
278 
32 
495 
130 
258 
203 
35 
259 
507 
114 
146 
0 
s.d. 
(399) 
(72) 
(241) 
(89) 
(432) 
(167) 
(115) 
(292) 
(312) 
(55) 
(134) 
(26) 
Mean 
229 
46 
305 
342 
148 
181 
33 
95 
420 
90 
125 
13 
Choice 
s.d. 
(404) 
(87) 
(360) 
(285) 
(135) 
(120) 
(84) 
(128) 
(389) 
(57) 
(80) 
(15) 
Si 
Mean 
311 
107 
194 
214 
216 
242 
-54 
432 
552 
104 
157 
24 
mple 
s.d. 
(311) 
(77) 
(388) 
(258) 
(180) 
(169) 
(73) 
(304) 
(461) 
(108) 
(97) 
(27) 
Conclusion. Both groups showed the quickest RT's in the simple task, they were slower 
in the choice reaction task, and they were slowest in the detection task. For the patient 
group, there was a consistent target side effect in all conditions. Making a movement had 
no effect on the RT difference between left and right targets, which suggests that 
directional hypokinesia is not a factor influencing the performance of the patients in this 
study. Similarly, although reduction of uncertainty resulted in a general improvement in 
RT, it had no effect on the difference between left and right targets. This finding also 
suggests that motor organization aspects in RT are not impaired, because, once a target 
has been detected, the subject was able to benefit from preplanning a response (This 
rather surprising finding will be discussed later). The most important conclusion is that 
the detection of a visual target on the left was the critical impairment. 
The null results with respect to directional hypokinesia may be explained by 
limitations of the statistical power of the design. Therefore, the power for each task was 
computed in a post-hoc manner. It was 93%, 82%, and 67% for obtaining target side 
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effects of 69, 41 or 49 ms, for the detection, the choice and the simple reaction tasks, 
respectively. Because the observed effects were much greater, the conclusion is warranted 
that the statistical power was sufficient. Now, to provide conclusive evidence with regard 
to directional hypokinesia, a second experiment was performed. A directional movement 
task with an auditory imperative signal was used. Eye fixation was explicitly controlled. 
In this manner visual and spatial fields were kept aligned. In addition, the subjects were 
prevented from using a visually guided movement strategy. If directional hypokinesia 
were a factor underlying the behavior of the patients, this task should result in slower 
RTs in movements to the left than to the right. 
2.4 Method of Experiment 2 
Subjects. The same patients, and six control subjects (mean age 56.7 years, range 39 -65) 
participated within two weeks after experiment 1. 
Apparatus and procedure. The same movement recording equipment was used to 
register RT's. A spatially neutral auditory imperative signal of 3000 Hz lasted 100 ms. 
A movement with a constrained trajectory, and an active stop (there was no physical 
barrier that forced the subject to stop) was to be made. The start point was IS cm either 
left or right from the center, and a lateral movement of IS cm was to be made towards 
the same side. It was practised until the subject could perform it properly. Subjects had 
to fixate on a small, yellow square located at eye height on the wall 3 m in front of them. 
Fixation was monitored by the experimenter. If a subject failed to fixate, a trial was 
repeated. There was a block of 15 trials for each direction. To start a block, the 
experimenter placed the groove and the sliding device in the required position. 
2.5 Results and Conclusion of Experiment 2 
For each block, the median RT was computed. The mean RT for the patients, was 368 
ms (s.d. 93), and for the controls it was 255 ms (s.d. 40). This difference was significant, 
E(l,14) = 8.53; p. < .05. For the patients, the mean RT for movements to the right was 
357 ms (s.d. 88), and to the left was 380 ms (s.d. 82). The difference of 23 ms was not 
significant. For the control subjects the mean RT for movements to the left was 255 ms 
(s.d. 40), and the mean RT for movements to the right was 254 ms (s.d. 40). This 
difference was not significant. There was no interaction of group by movement direction. 
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Table 2.5 Movement direction effect (the difference between leftward and rightward 
movements) in the non visual reaction task. 
Subject 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Difference 
Mean 
US 
22 
-5 
29 
24 
-35 
-5 
10 
15 
-4 
s.d. 
422 
123 
373 
93 
162 
207 
68 
319 
103 
100 
— Δ— Visual 
Detection 
- 7 - visual 
Choice 
- o - Visual 
Simple 
— •— Auditory 
Simple 
Left Rid-it 
Figure 2.1 Mean RTs for left and right visual targets in a detection, a choice and 
a simple task, and for left- and rightward directed movements in a simple 
auditory reaction task in ten patients with neglect and a control group. Solid lines 
represent patients; dashed lines represent control subjects. 
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A comparison of the patients' performance in the simple visual task of experiment 1, with 
their performance in experiment 2, revealed main effects for task, E(l,9) = 11.18; в < 
.01], for direction E(l,9) = 35.86; в < .01] and a interaction of task by direction E(l,9) 
= 18.22; p. < .01). Figure 2.1 shows the combined results of the two experiments. 
For individual effects, see Table 2.5. Using a Bonferroni correction, a significant 
movement direction effect for individuals was not found. 
Conclusion. There was no evidence for directional hypokinesia. 
2.6 General Discussion 
Two experiments have been performed to try to find separate contributions of in- and 
output factors in the RT performance of neglect patients. There was a consistent effect 
of target side in three visual reaction tasks in which the demands with respect to 
movement organization were varied. The target side effect was absent in a directional 
movement task with an auditory trigger. No evidence of directional hypokinesia was 
found. The data of this study, together with the author's concerns on the possible 
influence of input aspects on the findings of earlier studies (Heilman et al., 1985; 
Mattingley et al., 1992), and the absence of evidence for directional hypokinesia in the 
study of Mijovic (1991), imply that slowness of movement initiation in neglect may 
primarily exist in relation to input impairments. This deduction raises questions on the 
role of general output impairments in other measures of neglect. 
The absence of evidence for pure directional hypokinesia does not permit a 
general conclusion with respect to the existence of intentional factors in neglect to be 
made. The same questions concerning the role of visual information that were formulated 
with respect to RT studies are, however, relevant to studies in which directional 
hypometria was employed as a measure of intentional neglect. In these studies, the side 
of the visual targets was decoupled from the side to which a movement had to be made 
by means of a set of mirrors (Tegnér and Levander, 1991), or a video monitor (Cosslet 
et al., 1990), which resulted reliably in two patterns of performance. Thus, some patients 
neglected targets presented in left space, and successfully cancelled targets presented on 
the right side, which (because of the mirrors) required a response to the left. This group 
showed attentional or input neglect. Other patients neglected targets presented in right 
space, which required a response to the left, and successfully cancelled (previously 
neglected) targets presented on the left side, which required a response to the right. The 
latter group showed a paradoxical right neglect, which was assumed to represent 
intentional or premotor neglect. In these patients, visual information presented on the right 
was paradoxically neglected, whereas information on the left side was correctly selected 
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to guide a manual response to the right, even though the same information was neglected 
with normal stimulus presentation. These findings clearly show that premotor factors do 
affect the selection of visual information for manual action. However, the patients' 
reluctance to move to the left side occurred in the presence of very confiictive visual 
information on the right side, and hence, such conflicts might be a necessary factor in the 
occurrence of 'intentional' neglect. It can be argued that this is not the case because there 
is evidence for directional hypometria in the absence of visual information. Although 
many studies showed that exploratory performance improved in the dark, some patients 
showed directional hypometria in a manual exploration task in the absence of visual 
information (Cubelli, Nichelli, Bonito, De Tanti, and Inzaghi, 1991). Others showed a 
motor bias to the right when pointing in the dark (Heilman, Bowers, and Watson, 1983). 
The conclusion is warranted that, although there is no evidence in neglect for premotor 
impairments in RT measures, premotor impairments may play a role in the execution of 
movements in neglect. Recently, evidence for such an impairment has been demonstrated 
in the kinematics of movements directed to a goal on the left side (Mattingley, Phillips 
and Bradshaw, 1994). These authors proposed that neglect patients failed to produce a 
ballistic leftward movement and hence showed inadequate force recruitment, because they 
were impaired in constructing the internal representations necessary for determining a 
movement trajectory. 
The main difference between the study by Heilman et al. (1985) and the present 
one was hypothesized to result from visual factors, but this may not be the whole story. 
Another difference between the two experiments is the possibility that more force is 
required to move a handle bar for 45 cm along a rail with a certain friction (Heilman et 
al., 1985) than to slide a crosshair with almost no friction for 15 cm along a digitizer (this 
study). Therefore, the recruitment offeree for movements to the neglected side of space 
may be a significant factor in the patients' performance that deserves further study. It can 
be concluded that deficits in the organization of actions towards the contralateral side of 
space may not be reflected in RT. Such deficits may not result in slower motor processes, 
but in poorer execution. 
The next issue considers the impact of the pattern of results on models of 
attention. The general beneficial effect of a reduction of stimulus uncertainty in the 
absence of a specific improvement of neglect appears puzzling at first sight. In the choice 
and simple reaction task, the movements were exactly the same. Therefore, an explanation 
for the main effect must bear on central factors. It was expected that the simple task 
would be 'easier' for neglect patients than the choice reaction task, as they would expect 
the location of the target, and hence, would be able to preprogram the appropriate 
response (Laszlo, 1992). The general improvement of RT suggests that the patients' motor 
system indeed 'knew' which response had to be made. However, the fact that neglect was 
not specifically improved by the reduced uncertainty in the simple task, suggests that the 
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visual system did not 'know' where the target was to be expected. In the case of targets 
on the left side, the prepared motor system had to wait for the impaired visual detection 
system. This fmding suggests that a presumably late process like (pre)planning a response 
can benefit from visual information that is not available to a presumably early process like 
visual detection. This pattern of results is supported by the theoretical notion that different 
sources of sensory information may be used for goal planning and for parameter selection 
(Neumann, 1990). Some properties of a visual stimulus, like for instance, its location, or 
optical flow patterns, automatically -without conscious control- elicit parameters of the 
required motor action. Within the visual modality there is also evidence for separate 
processing of object parameters related to grip size, and egocentric parameters, related 
to the reaching trajectory (Chieffi, Gentilucci, Allport, Sasso, and Rizzolatti, 1993; 
Goodale and Milner, 1992; Jeannerod, 1988). These findings also imply that some of the 
transformations between sensation and motor initiation run in parallel. In the study 
reported here the differential effects of uncertainty on visual detection and motor planning 
are also in accordance with a notion of parallel processing. Such a notion precludes a 
simple definition of directional hypokinesia, or a simple model of input and output aspects 
in neglect, and, hence, a serial theory of attention in space (see for analyses of this point: 
Allport, 1993; Neumann, 1990; Rizzolatti and Camarda, 1987; Van der Heijden, 1992). 
Recently, some studies have shown that neglected stimuli are processed to a high 
perceptual or semantic level, without the state of awareness that usually accompanies such 
high level activations (for a review see Farah, 1994). Also in normal subjects visual 
information that is not consciously perceived (for instance in backwards masking) can 
clearly affect motor responses (Neumann and Klotz, 1994). The spared preplanning in 
neglect in this study may be interpreted as an intact direct parameter specification together 
with impaired conscious detection. 
In the simple task the location of the target was implied by instruction and by 
repetition of the same target and same response. The aim of the instruction was to induce 
a lasting mental set, resembling the effect of cuing. As was argued above, the instructed 
relation between target and response was available to the visuo-motor system, but not to 
the visual detection system. Perhaps the verbal instruction failed to elicit a stable 
representation of the target location (Bisiach & Berti, 1989). In this context, it is relevant 
that there have been some contradictory reports on the effect of cuing on the RT to 
neglected targets. For instance, Posner et al. (1984) report a beneficial effect of valid 
location cues, whereas they report a deterioration in RT to targets on the contralateral side 
following a valid symbolic cue. Contrary to these findings, Làdavas and Carletti (1994) 
report no effect of a location cue, but they observed a beneficial effect of a symbolic cue. 
Given the contradictory character of the effects of cuing on neglect, we can at least 
conclude here that a verbal, auditory instruction is not sufficient to improve visual 
detection of neglected targets. Moreover, repetition of the target side in the simple task 
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also failed to improve neglect performance. This can be understood if we assume that to 
act as a cue, the representation of a location should remain activated for several seconds. 
In neglect, the (activation of a) location representation in left space is impaired (Bisiach 
and Berti, 1989), which makes such a representation more vulnerable to decay, especially 
during the inter stimulus interval, when attention is aligned with the central warning 
signal, located to the right of the target. Hence, it is logical that 'expectation' created by 
instruction and repetition, did not facilitate the detection of the target in the simple task. 
These findings support the spontaneous claims of patients as an explanation of their 
deviant behaviour: 'Why should I ever turn to the left? There's nothing to be expected 
there'. 
Finally, one aspect of these results concerning attention that needs discussion is 
the fact that there was no increase of the target side effect with very short SOA's. Such 
an effect was reported by Posner et al. (1984) in a neutral cue task and it was interpreted 
as an extinction like reaction pattern, because it was due to the (almost) simultaneous 
presentation of cue and target. In the study reported here, there was a general effect of 
SOA, even in the simple task, indicating that subjects adequately fixated the central 
warning signal, prior to switching attention to the target. However, in the classical 
experiments (Posner et al., 1984) a monitor screen with contrasting 'boxes' was used to 
structure the stimulus presentation, whereas in the visuo-motor task in this study, the 
stimuli were presented by means of real lights on a plastic device. Thus, in the situation 
described in that study there was a brightness contrast whenever a target was on, but there 
was no such contrast when a target was off. D'Erme et al. (1992) showed elegantly how 
the mere presence of a bright 'box' on the right of the screen, attracted automatic 
attention, thus eliciting an extinction like reaction pattern. In the study reported here, 
attention was aligned with the central warning signal, there was no distraction coming 
from bright irrelevant events like location 'boxes'. Hence, the modest left target 
disadvantage appeared to result from a pure deficit in automatic orientation, not affected 
by any distractor to the right. A hyperattentional attraction to right stimuli only affects 
performance as long as such stimuli are present, therefore no conclusions with respect to 
a possible hyperattentional disorder (D'Erme et al., 1992) can be drawn from this study. 
Whatever may be the ultimate explanation of neglect phenomena, a theory of 
attention that can account for the phenomena must integrate concepts of spatial 
representation and attention. In the conceptual framework that is rapidly emerging now 
(see Allport, 1993; Bisiach & Berti, 1989; Rizzolatti & Camarda, 1987; Van der Heijden, 
1992), 'attention', 'vision', and action are functionally integrated mechanisms, that 
operate in parallel, and not as a 'spotlight'. These theories have begun to be very fruitful 
as a heuristic (for instance, Mattingley et al., 1992; 1994). 
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Ipsilateral neglect in line bisection 
On the average, Right Brain Damaged patients with neglect place the estimated 
midpoint of a line significantly to the right of the true center. In this exploratory 
study in 20 patients it was observed, however, that 17 of the patients (85%) 
placed the estimation mark sometimes to the left of the center, thereby showing 
apparent right neglect. On the whole, the right part of 25% of all lines was 
neglected, suggesting that neglect for the right end of a line was part of the 
typical pathological behavior of these patients with left neglect. These 
observations are important, because they are difficult to explain with the current 
theories on the directionality of attention. However, the findings suggest that the 
impairments underlying neglect are not only attentional, but also involve 
perceptual processes. 
3.1 Introduction 
Right brain damage following stroke may produce symptoms of left neglect. The term 
neglect refers to a tendency to ignore stimuli that are presented to the side contralateral 
to the affected hemisphere. Apart from left neglect, some reports of anomalous omissions 
of target stimuli on the right, ipsilateral side in patients with left neglect have appeared 
(Halligan and Marshall, 1989; Robertson, 1990; Weintraub & Mesulam, 1987). Recently, 
Small, Cowey and Ellis (1994) showed that omissions in cancellation tasks on the side 
ipsilateral to the lesion are very common, especially in patients with severe neglect. 
Occasional problems in the detection of objects in ipsilesional space could either be 
explained in terms of an association of neglect with a general decrease in attentional 
capacity (Robertson, 1993). More severe problems in detection of targets on the ipsilateral 
side may be explained in terms of an extreme pull of attention to the right, resulting in 
neglect for objects on the right of the sagittal plane, but located relatively to the left of 
a fixation point even further to the right (Gainotti, Giustolini, and Nocentini, 1990). Small 
and colleagues (1994) assumed that in the severe cases they studied, there must have been 
an additional attentional component that precluded adequate scanning of the right 
hemispace. 
The author wishes to thank Sonsoles Boter for assistence with the analyses. 
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Not only in the detection of discrete targets, but also in line bisection some 
instances of ipsilateral neglect in subjects with left neglect have been observed. In general, 
RBD patients with left neglect put the mark systematically and significantly to the right 
of the true midpoint (Kinsbourne, 1987; Halligan and Marshall, 1989; 1990; 1991). In 
instances of ipsilateral negiert, to be discussed below, the bisection marks were placed 
to the left of the true midpoint, thus suggesting that the subject ignored the right end of 
the line. An explanation in terms of faulty detection is insufficient, because one can 
logically assume that prior to its bisection, the line must have been detected successfully. 
Furthermore, a typical observation in line bisection is that linelength strongly determines 
the amount of error (Marshall and Halligan, 1990; Tegner, Levander, and Caneman, 
1990), which seems to suggest that in one way or another, patients are aware of the full 
line. Therefore, the problems of neglect patients cannot be reduced to a failure of 
detection. 
One condition that reliably elicits right neglect in line bisection occurs in very 
short lines (Marshall and Halligan, 1990; Tegner, Levander and Caneman, 1990). In lines 
shorter than SI mm all bisection marks were placed to the left. Although these results had 
been predicted on the basis of an empirical regularity, in which the regression equation 
explained almost all variability on the basis of linelength, an explanation in terms of 
underlying pathology could as yet not be given. 
To the contyrary, several anomalous cases have been mentioned who placed the 
bisection marks on the left side of the true center, thus exhibiting ipsilateral neglect for 
that line. For instance, when one case (D.W.) was reported who placed the midpoint 
markedly to the left in long lines of 28 cm (Halligan and Marshall, 1988), the authors 
remarked that this ipsilateral neglect was confusing. Another case was D.M, from a series 
of twelve, in a study by Bisiach et al. (1983), who neglected the right end of 20 cm lines, 
but the left end of lines of 40 and 60 cm. Again, this finding was treated as an anomaly. 
Symptoms of right neglect can easily be 'averaged out' statistically, either over 
subjects, or within subjects over lines. When Schenkenberg, Bradford and Ajax (1980) 
devised and validated their procedure for line bisection, in which 18 horizontal lines were 
placed in a pseudo random order on the right, the center and left of a sheet of paper, they 
found mat rightward displacements of the estimated center of the lines were mainly 
observed in the lines placed on the left and center of the page, but not in lines placed on 
the right. This finding was in agreement with Albert's (1973) statement that neglect is 
most severe on the left, moderately so in the center and least marked on the right side of 
space. The statement that neglect is least marked to the right seems justified, because the 
group mean of right lines in the study of Schenkenberg et al. (1980) was close to 0. 
However, inspection of the individual results revealed that ten out of 20 RBD patients 
showed a mean displacement of the estimated center to the left in the right lines, and, 
therefore, they seemed to show ipsilateral neglect. Surprisingly, this fact received not 
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much attention. In addition, Nichelli, Rinaldi and Cubelli (1989) showed in a group of 
ten neglect patients, that smaller displacements occur in linebisection with cues presented 
to the left of the lines, and also in lines placed to the right of the sagittal midplane. Here 
again, very large standard deviations accompany mean group scores of approximately 0 
mm, thereby strongly suggesting the presence of ipsilateral neglect in the given 
conditions. 
This is a descriptive study. Its aim is to quantify the occurrance of estimation 
marks to the left of the true center in line bisection in patients with left neglect, in order 
to check whether ipsilateral neglect in patients with left neglect should be considered as 
an idiosyncrasy, or as a substantial part of their typical pathology. This was studied in a 
sample consisting of RBD patients with signs of neglect seen in our department in a 
period of a year. The procedure of Schenkenberg et al. (1980) allowed us to explore two 
possibly relevant stimulus parameters, viz. position of the line and line length. 
3.2 Material and Method 
Subjects. 20 subjects with unilateral right hemisphere strokes participated. None of them 
had prior or bilateral strokes. They showed clinical signs of neglect (bumping into 
objects, dressing and/or grooming problems, etc.) and eight or more omissions on E&R 
cancellation (Wilson, Cockbum and Halligan, 1987), and/or a left-right discrepancy of 
reaction times of more than 100 msec. In the RT task the patient had to react as fast as 
possible to visual targets, presented either on the left or on the right side. The response 
was a simple key press (see Chapter 2 for more details). The severity of clinical signs was 
assessed by physicians, paramedics and a neuropsychologist, by means of a short 
questionaire (De Groen, 1990, internal report). Patient 13 was included in the absence of 
significant neglect scores on the tests, because he showed severe neglect in social 
situations, and he tended to turn right all the time, while walking. All patients were right 
handed. Their mean age was 62.S years. The mean interval between the stroke and testing 
was 22 weeks. All patients received physical and occupational therapy. Basic patient 
characteristics are displayed in table 1. 
Procedure. Each patient was tested individually. The line bisection test as described by 
Schenkenberg et al. (1980) was used (see Figure 3.1). It consisted of 18 horizontal lines 
pseudo randomly placed on a sheet of paper. Six lines were placed primarily on the left, 
six were placed in the center, and six on the right. Each set of six lines contained a line 
of 100, 120, 140, 160, 180 and 200 mm respectively. In addition, a ISO mm line was 
placed at the top and bottom, to be used in communicating the instructions to the patient. 
These lines were not included in the analysis. The sheet of paper was taped to the table 
51 
Chapter 3 
in the patient's midsagittal plane. No time limit was imposed. The instructions were to 
use the right hand, to cut each line in half by placing a pencil mark, and to do this 
without skipping any. If a patient omissed a line, he or she was prompted to correct this. 
Table 3.1 Basic patients' characteristics. 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Sex 
M 
M 
F 
M 
M 
M 
M 
M 
M 
M 
F 
F 
M 
F 
F 
F 
M 
M 
M 
F 
Age 
62 
67 
67 
59 
50 
51 
43 
60 
64 
69 
55 
67 
67 
41 
74 
74 
53 
55 
75 
69 
Duration 
in weeks 
12 
30 
13 
16 
15 
16 
23 
30 
28 
13 
37 
45 
22 
18 
29 
33 
24 
9 
12 
15 
Lesion 
i. t/par/fr 
i. t/par 
i. MCA 
i. MCA 
no scan 
i. MCA 
i. MCA 
i. fr/t/par 
i. MCA 
i. MCA 
i. fr/раг 
i. MCA 
i. MCA 
h. ICA 
no sean 
i. MCA 
i. temp, eer 
h. par 
h. par/occ 
i.MCA 
Letter 
cancel­
lation 
8(1) 
23(8) 
23(6) 
0 
2(1) 
8(5) 
22(9) 
16(9) 
13(5) 
11(5) 
9(5) 
19(9) 
4(4) 
16(3) 
2(1) 
0 
14(0) 
11(0) 
15(0) 
11(0) 
Left-
Right 
RT 
(ms) 
439 
554 
144 
165 
439 
-42 
420 
18 
63 
100 
142 
115 
24 
255 
114 
150 
-
-
-
-
Clinical signs 
severe 
severe 
moderate 
moderate 
severe 
moderate 
severe 
severe 
severe 
slight 
severe 
severe 
severe 
severe 
moderate 
moderate 
severe 
moderate 
moderate 
severe 
Note. Information concerning the lesion: i = infarct; h = haemorrage; MCA = Middle 
Cerebral Artery; t = temporal; par = parietal; cer = cerebellar; occ = occippital. Letter 
cancellation consisted of the E&R cancellation task from the Behavioral Inattention Test 
(Wilson, Cockbum and Halligan, 1987). In brackets the number of omissions on the right 
of the center is given. Left - Right RT is the difference in Reaction Time between stimuli 
4 cm left and right of fixation. 
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3.3 Results 
Scoring of the line bisection test was accomplished by measuring the distance between 
each transection and the true center for each line. The sign - indicates displacement to the 
left of the true center. Of each line, a percent deviation score was computed, using the 
formula below 
percent deviation- measured left half-true half 
true half • 100% 
Collapsed data of the lines situated on the left, the center and the right of the page, and 
of the linelengths, are displayed in table 2. The general mean percent deviation score was 
8.22, s. d. 16.79. Of the 20 RBD patients, 17 (85 %) made two or more errors to the 
left. Moreover, 25% of all estimations were placed to the left of the true middle. It is 
important to note that the distribution of errors was normal (Kolmogorov-Smirnov Ζ = 
1.15; ρ > .1) (see Figure 3.2) 
Figure 3.1 The line bisection procedure as developed by Schenkenberg et al. 
(1980). Note that, due to the pseudo random order, left lines are located beneath 
right or center lines. A spatial perseveration effect could be responsible for the 
right neglect in right lines. 
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Figure 3.2 Frequency distribution of the errors in mm in line bisection for 20 
subjects, and a total of 360 lines. 
Table 3.2 Mean percent deviation scores, standard deviations, and percentages of errors. 
General 
Line position 
Line length 
left 
center 
right 
10 
12 
14 
16 
18 
20 
Percent Deviation 
Mean s.d. 
8.2 16.8 
14.2 17.1 
7.3 15.5 
3.1 14.7 
5.5 12.2 
5.4 16.6 
6.9 14.2 
7.3 21.1 
11.1 16.8 
13.1 17.6 
Percentage of 
RN 
25 
15 
25 
35 
22 
32 
25 
32 
20 
22 
Correct 
6 
6 
7 
5 
12 
5 
3 
3 
7 
7 
LN 
69 
79 
68 
60 
66 
63 
72 
65 
73 
71 
Note. In the right part of the table all bisections were coded either as RN (= 'right 
neglect') which were in fact errors to the left of the true center, as correct placements (an 
error of maximally 1 mm), or as LN (= Left neglect) which were in fact errors to the 
right. 
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A multivariate analysis of variance was performed with percent deviation score as 
dependent variable, and line position and line length as factors. The mean deviation was 
significant greater than 0 [F(l,19) = 19.47; ρ < .01]. There were significant effects of 
position [F(2,18) = 5.16; ρ < .01], and line length [F(5,15) = 4.70; ρ < .01. The 
(univariate) interaction of position by length was also significant [F(10,190) = 3.17; ρ 
< .01]. The deviations in the long lines were greater on the left lines than on the right 
ones [F(5,15) = 4.75; ρ < .01]. The apriori contrast of left versus right position was 
significant [F(l, 19) = 7.93; ρ < .05], but the other contrasts were not. AT-testofupper 
and lower lines was not significant. A Cochran's С test revealed that the standard 
deviations of the scores on the three sides could be considered homogeneous (p = .397). 
The signed results of individual patients are given in table 3. 
Table 3.3 Mean and standard deviations of the percent deviation scores of left, center and 
right lines, of each individual. In addition, the number of errors to the left of the true 
center (N LN) is given. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
NLN 
6 
0 
7 
2 
6 
8 
11 
7 
8 
5 
2 
5 
2 
6 
1 
5 
3 
3 
0 
4 
Left lines 
Mean 
-2.0 
38.1 
3.6 
7.7 
1.6 
7.2 
-11.6 
8.2 
22.1 
30.4 
20.7 
18.9 
7.1 
39.6 
17.2 
4.3 
20.5 
8.5 
28.3 
12.3 
S.D. 
12.3 
16.7 
10.5 
6.4 
9.1 
14.3 
7.8 
9.7 
9.5 
12.2 
17.0 
14.6 
6.8 
13.6 
11.8 
3.5 
15.1 
4.8 
5.8 
10.9 
Central lines 
Mean 
6.7 
31.7 
3.3 
7.4 
1.4 
1.6 
-4.1 
8.1 
-6.7 
11.7 
9.1 
2.9 
6.0 
27.5 
19.1 
-1.1 
8.3 
4.7 
20.8 
-12.5 
S.D. 
7.8 
10.6 
12.4 
9.6 
5.6 
6.4 
10.8 
10.1 
12.0 
17.3 
9.7 
5.4 
7.8 
7.2 
8.0 
14.0 
13.2 
12.0 
9.9 
30.7 
Right lines 
Mean 
16.3 
16.3 
0 
7.9 
0.9 
-9.6 
-0.8 
-5.1 
-8.3 
-5.2 
10.5 
-7.7 
15.4 
-17.3 
4.7 
2.1 
2.8 
4.9 
24.3 
10.6 
S.D. 
4.6 
6.9 
13.9 
9.3 
5.0 
13.3 
8.6 
11.0 
34.6 
17.1 
13.5 
11.7 
9.8 
7.8 
5.4 
13.3 
12.7 
9.3 
11.8 
14.2 
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3.4 Discussion 
Most patients (85 %) placed two or more estimated midpoints to the left of the true 
center. Moreover, 25% of all bisection marks were placed to the left, although the mean 
displacement was significantly to the right. This finding was in accordance with the high 
inter- and intra-individual standard deviations that were observed. The main conclusion 
from this exploration is that neglect of the ipsilateral end of a line is a common 
phenomenon in patients with predominant contralateral neglect, at least when the line is 
situated in a context of other lines. The overall pattern of results is very similar to the 
study of Schenkenberg et al. (1980). Had we only considered the mean deviations, we 
would have concluded that lines on the right produced smaller mean errors and hence, 
milder neglect, than lines on the left. However, it must be concluded not only the 
magnitude of the errors decreased in lines on the right, but especially in many right lines 
also the direction of the errors has changed. This suggests that there is a tendency to place 
the bisection mark towards the centre of the page. 
This finding raises some methodological and theoretical points. If it can be shown 
that the present results are not a consequence of trivial artefacts or methodological flaws, 
we will be challenged to go on questioning some of the basic assumptions in hypotheses 
of neglect and its underlying pathology. A first methodological point is that current 
localisation techniques still leave some degree of uncertainty. Therefore, a substantial 
number of the patients might have had unnoticed bilateral lesions. We know that about 
20% of the stroke patients suffer from bilateral lesions, so, in the worst case we should 
exclude four of the seventeen subjects with bilateral errors. That still leaves a majority 
of our sample with bilateral errors. Furthermore, care was taken to exclude individuals 
with signs of bilateral brain damage from the sample. 
A second point is that subjects simply may have placed their hand over the right 
end of the lines, and subsequently ignored the fact that these parts were occluded. 
However, if this were the case, then using the left hand would result in more profound 
left neglect, but in fact, it resulted in a reduction of left neglect (Schenkenberg et al., 
1980). 
A third point concerns the selection of subjects. Should we have excluded those 
subjects who neglected ipsilateral information, for instance in cancellation? After all, 
persons with neglect on both sides appear to have a general attentional deficit. We saw 
that mild neglect for stimuli or events to the right may rather be rule than exception in 
RBD patients with left neglect (Weintraub and Mesulam, 1987). Furthermore, in reaction 
time studies it was generally accepted that neglect patients have a general slowness of 
reaction times, in addition to specific left sided slowness (Heilman et al., 1985; Tromp, 
in press). 
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A fourth point of concern is whether patients were (over)compensating during 
performance, their performance not reflecting a disorder, but a compensatatory reaction 
to that disorder. Halligan and Marshall (1991) showed that in some patients, at least, line 
bisection seems to be 'cognitive penetrable', because the subject's perception of error 
resulted in improvements of performance of the next line. A shiñ towards right neglect, 
as a result of overcompensation, would be reflected by significant improvement of the 
lower part of the test as compared to the upper part, because patients were instructed to 
proceed in a strict order. This is clearly not the case, because performance in upper and 
lower lines was similar. 
Now that was demonstrated that various trivial or artefactual explanations may be 
ruled out, the next question is why these results are important. First, findings like the one 
in the present study and the ones in the study of Small et al. (1994) present arguments 
against the use of terms like left, contralateral or hemispatial neglect, which are 
emphasizing the unilateral character of the disorder. More important is that these findings 
challenge our ideas about the directionality of attention. There are plausible explanations 
for failures to detect discrete objects in ipsilateral side of space. Any explanation in terms 
of an ipsilateral bias of attention can account for ipsilateral omissions by assuming that 
attention has been captured by an event (even if it is completey irrelevant to the task) that 
took place at the far right side (Gainotti et al., 1990; Kinsbourne, 1993). However, a line 
that has been bisected, has been detected in the first place. Therefore, an explanation of 
ipsilateral neglect in linebisection can neither be explained in terms of an ipsilateral 
capture of attention, nor in terms of a contralateral deficit of attention. The same problem 
arises with representational accounts for neglect (Bisiach & Berti, 1987). A theory of 
contralateral misrepresentation leaves the question unanswered why a subject would under 
some circumstances underrepresent the ipsilateral side of an object. The present 
observations do not support the notion of an attentional boundary somewhere left of the 
sagittal midplane, or left of fixation, either. Such a boundary would interfere with looking 
or attending beyond it. Therefore, it would always result in neglect of the left part of a 
line and never in neglect of the right part of it. 
Recently, there has been some research into the relationship between general 
attentional deficits and neglect. Robertson (1990) has shown that capacity for controlled 
information processing, as measured by WAIS digit span discrepancy and the PASAT 
test, was reduced in neglect patients. He argued for a dual process impairment. In chronic 
left neglect both directed attention and vigilance seem to be impaired. On the surface, 
this clinically and theoretically plausible hypothesis 
can explain why both deficits result in a failure to detect objects on both sides of space. 
Still, it is more difficult to understand why such an indivual would sometimes 
underestimate the ipsilateral part and sometimes the contralateral part of an object such 
as a line. This suggests that, besides attention, there may be perceptual factors affecting 
57 
Chapter 3 
the subjective judgement of the length of a line. For instance, in the Müller-Lyer illusion 
the apparent length is determined by perceptual Gestalt formation. Thus, the mere 
presence of visual 'noise', as in the test employed in the present study, might alter the 
perceptual quality of each line in an unintended way. Mattingley and colleagues 
(Mattingley, Pierson, Bradshaw, et al., 1993) studied the difference between conditions 
in which the patients placed a visible cue on either side of a lione, and in which they 
made a similar movement without leaving a visible mark. It is remarkable that a visual 
cue on the left side of a line resulted consistently in bisection errors that were placed to 
the left of the centre. In other words, the presence of a visual cue reversed the direction 
of the error, just like in the present study. This might suggest that the visual context is 
highly relevant in the patterning of neglect. 
Marshall & H al ligan (1990) gave an attractive, two level explanation for the 
consistent linelength effect, that might also apply to the results reported here. It was 
hypothesized that besides a bias in directing an attentional searchlight, a second, 
qualitative different, perceptual deficit was responsible for some empirical patterns of 
results (Halligan & Marshall, 1989; Halligan, Manning & Marshall, 1991; Marshall & 
Halligan, 1990). The latter deficit concerns the operators that function in comparing the 
two potential linehalves, and/or judging them as equal. It was found repeatedly that the 
observed error was linearly related to the length of the lines. In terms of the 
psychophysical Weber law, these patients exhibited a greater Just Noticeable Difference, 
that is, they judged the difference between the two potential line halves as zero, even if 
this difference was substantial in objective measures. Their zone of indifference, those 
points on the line that may be judged as a plausible candidate for bisection, is much larger 
than that of normals. There must be a basic degradation in some perceptual or 
comparative process, the outcome of which may be influenced by the side of approach. 
When one 'enters' the zone of indifference from the right side, the first good candidate 
for bisection is a point on the right of the true center, and hence, the chance that this 
point is chosen is quite large. The same goes for a left side of approach. It is a well 
estabished observation that neglect patients often start a visual search from the right, 
therefore this account fits very well with deviations to the right. However, if patients 
would approach the estimation process from the left side of the line, for some reason, 
there is a fair probability that their judgement will end up somewhere to the left of the 
center. 
We can now see to what extent the following (post hoc) predictions from this two 
level notion are reflected in the results. First, a very large intra-subject variability was 
expected (Marshall & Halligan, 1990) and observed (see Table 3). Second, dependent on 
the taskcontext, more leftward errors were expected in the right lines, because the 
probability of starting at the left end is largest in these lines. The patients in the present 
study may very well have approached some right lines from the left side, because of 
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perseveration of a response in the same region of space as the previous one. This may 
have been a corollary of the pseudo random order of the lines: a right line is usually 
found beneath a left or central line. Or, the previous response in right lines was often 
placed on the left of the page, facilitating a left startpoint, because the hand was already 
there. This pattern was observed (see Table 2). However, a substantial proportion of the 
left lines (15%) was also bisected to the left of the true center. We can only assume that 
the subjects volitionally paid extra attention to the left of the display, in an attempt to 
compensate for their neglect. After all, they all had received intensive rehabilitation 
treatment for several weeks. 
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Chapter 4 l 
What music can do for patients with 
visuospatial neglect: 
nothing it can't do for normals. 
The effect of music on the performance of stroke patients with unilateral neglect was 
explored. It was assumed that music processing is lateralized to the Right Cerebral 
Hemisphere (RH). Music may thus affect performance in visuospatial tasks in patients 
with neglect, either by enhancing the RH selective attentional functions or by interfering 
with these attentional functions. Music may indirectly influence performance by affecting 
the subjects mood or level of arousal. Nine post-acute stroke patients with neglect and 
nine control subjects participated. The experimental task was line bisection. Conditions 
were silence, cheerful music, and sad music. Both the patients and the control group 
placed the bisection mark significantly more to the right during music stimulation, than 
in the silent condition. Performance of the neglect patients did not improve, it even 
deteriorated2. There was no difference between sad music and cheerful music. The 
findings suggest that visuospatial attention was allocated to the right side during listening 
to music, which deteriorated performance of patients with neglect. This implies that music 
interfered with RH visuospatial orienting. 
4.1 Introduction 
Performance on various tasks by patients with left visuospatial neglect due to unilateral 
damage in the right hemisphere (RH) can be improved by vestibular stimulation (Gainotti, 
1993; Rubens, 1985), by optokinetic stimulation (Pizzamiglio, Frasca, Guariglia, et al., 
1990), by movements of the hand contralateral to the lesion (Robertson, 1991), by 
requiring the subjects to turn the head to the left (Bisiach, Capitani, and Porta, 1985), or 
1
 Co-authors: Miriam Michels, Theo Mulder and Jacques van Limbeek. The authors 
wish to thank Marcel Kinsbourne and Peter Praamstra for helpful comments and 
suggestions. We are grateful to the staff and patients of Rehabilitation Centre 
Blixembosch, Eindhoven and St. Maartenskliniek, Nijmegen, The Netherlands. 
2
 Recall that in Chapter 1 patient G.J. was presented with music and his performance 
on a reaction time task improved tremendously. However, the intervention with music 
was part of a treatment to reduce his amount of 'inner speech'. Music may have become 
associated with the instruction to stop verbalizing. 
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the trunk to the right (Karnath, Schenkel, and Fischer, 1991), or by proprioceptive 
stimulation of the neckmuscles (Karnath, Christ, and Hartje, 1993). These manipulations 
are all functionally related to orienting behaviour. Vestibular stimulation induces eye 
movements (Gainotti, 1993), left hand movements activate the motor area ipsilateral to 
the lesion (Robertson, 1991), and head or trunk rotations align the visual input with 
spatial reference signals (Karnath, 1994). Recently, an intriguing study has been reported 
by Hommel and colleagues (Hommel, Peres, Pollack, et al., 1990), in which the 
performance of stroke patients with neglect on a drawing task improved when they 
received passive, non verbal auditory stimulation, such as music and white noise. This 
effect is of considerable interest, because auditory stimulation has no apparent functional 
relation to the drawing task used in that study. Because both by music and white noise 
resulted in improvements, the result was explained by a non specific arousal effect. 
In the present study, the impact of music on performance of neglect patients in 
line bisection, which is a visuospatial judgement task, will be explored with respect to the 
laterality of music, and with repspect to its mood or arousal inducing qualities will be 
explored. It has been suggested that music is predominantly processed by the right 
hemisphere (Joseph, 1988; Springer and Deutsch, 1981; Zatorre, 1979), a view that is 
presumably justified as long as subjects are untrained and they are not required to perform 
higher level musical analyses (Pechstedt, Kershner, and Kinsbourne, 1989). Kinsbourne 
(1970; 1987) argued that processing hemisphere specific information increases activation 
in that entire hemisphere. Furthermore, because each hemisphere has its own attention 
orienting mechanisms that direct attention to the contralateral side (Kinsbourne, 1987; 
Heilman, Valenstein and Watson, 1985) general activation of one hemisphere may carry 
over to its orienting mechanisms. Thus, activation of RH mechanisms by music may 
induce a leftward orienting of visuospatial attention. The observed beneficial effect of 
music and noise in neglect patients (Hommel et al., 1990) may be conceptualized as a 
consequence of a redirection of attention to the impaired side of space. 
However, activation of areas in the RH by music perception may also interfere 
with the orienting mechanism of the same hemisphere, when these mechanisms are 
required for a concurrent task. In other words, even if music pulled attention to the left, 
this is not necessarily aligned with attention for a visuomotor task. In that case music has 
a detrimental effect on performance of patients with neglect. 
If music has an effect on visuospatial orienting behaviour, it is relevant to know 
whether it is a direct hemisphere specific effect, or whether it is mediated by music's 
inherent mood inducing or arousing quality. For instance, it has been shown that listening 
to sad music induced a (pseudo) depressed state in normal subjects, with corresponding 
psychomotor retardation (Pigniatello, Camp and Rasar, 1986), and deterioration of 
specific right hemisphere visuospatial functions (Banich, Stolar, Heller, and Goldman, 
1992). Such a depressed or underaroused state may have a detrimental effect on 
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performance in patients with neglect, because arousal mechanisms and directed attention 
are mutually dependent functions (Robertson, 1993). Similarly, cheerful music may have 
an arousing effect, which may improve neglect performance. 
4.2 Method. 
Subjects. Nine stroke patients with unilateral damage in the RH as assessed by CT scan, 
participated. See Table 4.1 for details. There were three women and six men; their mean 
age was 61 years (Range 50-70). They showed moderate to severe signs of neglect. They 
were in the post acute phase of their illness (mean duration 16 weeks). Nine control 
subjects, five women and four men, were participating. Their mean age was 60 years 
(Range SO - 77). All subjects were right handed. No one suffered from additional 
psychiatric or neurological diseases. All subjects were musically untrained. 
Table 4.1 Characteristics of the patients. 
Pat 
Rl 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
Sex 
M 
F 
M 
M 
M 
F 
M 
F 
M 
Age 
70 
60 
55 
50 
59 
68 
59 
66 
59 
TPO 
24 
11 
11 
14 
27 
13 
17 
19 
10 
Omis 
12 
12 
17 
10 
21 
15 
6 
9 
8 
Line 
10.5 
6.1 
24.5 
3.5 
-5.1 
2.1 
0.3 
10.7 
5.3 
Lesion 
i temporal + cerebellum R 
h parietal 
h parieto occipital 
i middle cerebral artery 
i middle cerebral artery 
i middle cerebral artery 
i parietal 
i middle cerebral artery 
i fronto-parietal 
Note. M= male; F = female; TPO = Time Post Onset; Omis = Number of omissions 
in letter cancellation, maximum is 40; Line = mean percent deviation score in line 
bisection in the first silence condition; i = infarct, h = haemmorrhage. 
Procedure and material. The experimental task was a line bisection test consisting of 18 
lines of different lengths, placed pseudorandomly over a page (Schenkenberg, Bradford 
and Ajax, 1980). The task was to mark the midpoint of each line with a pen. The 
dependent variable was the percent deviation score of each line, which is the (deviation 
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from the trae centre in mm / Gioe length / 2) * 100 %). Bisection marks to the left of the 
true centre are represented by a negative score. 
There were three conditions: silence, cheerful music and sad music. Each condition was 
repeated to control for effects of practice and fatigue. For each condition a new sheet of 
lines was taped in front of the patient. The music conditions were presented in a fixed 
counterbalanced order: Silence - Cheerful - Sad - Sad - Cheerful - Silence. 
Because patients with RBD may be impaired in their processing of emotional information 
(Morrow, Vrtunski, Kim, and Boiler, 1981; Prior, Kinsella, and Giese, 1991), subjects 
were asked to rate the emotional quality of the music, prior to the experiment. For each 
piece, they had to sort a pile of ten cards, five with cheerful adjectives (Dutch synonyms 
for agreeable, pleasing, happy, cheerful, and exciting) and five with sad ones (sad, 
mournful, melancholic, sorrowful and depressing). The cards were put in two boxes 
placed in the midplane of the subjects, one for appropriate words and one for inapproprate 
words. 
Four instrumental musical pieces, two cheerful and two sad ones (as was judged 
by E.T. and M.M.) were recorded on tape, and played through earphones to both ears. 
The cheerful pieces were (1) Vivaldi: The Four Seasons, allegro part from the Autumn, 
in F major, performed by The Isrealic Philharmonic Orchestra, conducted by Itzhak 
Perlman, 1985. (2) Holiday Boogie Woogie, played by De Kermisklanten. The sad pieces 
were (1) Part: Cantus, performed by The Staatsorchester Stuttgart, conducted by Dennis 
Rüssel Davies, 1984. (2) Grieg: Peer Gynt Suite, Death of Ase, performed by the Hallé 
Orchestra, conducted by Sir John Barbirolli, 1969. 
4.3 Results 
The ratings of the patients and the control subjects concerning the adjectives with cheerful 
and sad connotations, that were chosen as appropriate for each piece of music are very 
similar (Table 4.2). They are well in accordance with the judges' intuitions. 
In Table 4.3 the results of line bisection are shown. The mean percent deviation 
score was 6.5 (s.d. 15.8) for the patients, and 0.5 (s.d. 6.4) for the control group. An 
analysis of variance in a repeated measurement design was performed with the mean 
percent deviation score as dependent variable. Within subject factors were condition 
(silence, cheerful music and sad music), and repetition (first, second presentation); group 
(patients, control subjects) was the between subjects factor. In the calculations performed, 
the natural log of the data was taken to stabilize the variance. The difference between the 
groups was significant, EÜ.16) = 4.95; p. < 0.05. There was a significant effect of 
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Table 4.2 Mean number of adjectives with cheerful and sad connotations that both groups 
attributed to the four musical pieces. 
Group 
Patients 
Control 
Music 
Vivaldi 
Boogie Woogie 
Part 
Grieg 
Vivaldi 
Boogie Woogie 
Part 
Grieg 
Cheerful 
2.7 
3.9 
0.5 
0.1 
2.2 
3.1 
0.1 
0.2 
Adjecti ve 
Sad 
0.1 
0.0 
2.2 
2.3 
0.1 
0.0 
2.4 
2.5 
Note. The maximal number of adjectives that could be chosen was 5. 
Table 4.3 Performance of patients and control group in line bisection, differentiated for 
left, central, and right lines, in silence and during cheerful and sad music perception. 
Percent deviation score 
Patients general 
Left lines 
Central lines 
Right lines 
Control general 
Left lines 
Central lines 
Right lines 
Mean 
5.9 
11.1 
4.4 
2.3 
0.1 
-0.4 
-0.7 
1.3 
Silence 
S.D. 
17.0 
17.0 
16.2 
16.7 
6.0 
6.2 
6.0 
4.9 
Condition 
Cheerful 
Mean 
7.2 
11.5 
5.8 
4.2 
0.9 
1.1 
0.3 
1.6 
S D 
15.6 
16.8 
15.4 
13.7 
6.3 
7.7 
6.1 
6.2 
Mean 
7.0 
11.7 
2.5 
3.0 
0.9 
1.0 
-0.1 
1.7 
Sad 
S.D 
15.0 
15.7 
14.6 
14.3 
6.9 
6.9 
7.4 
4.8 
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Table 4.4. Percent deviation scores of line bisection for individual patients . 
Subject 
Rl 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
Silence 
Mean 
6.9 
6.9 
26.3 
5.8 
-2.9 
-.7 
-3.3 
7.4 
5.7 
s.d. 
15.4 
8.2 
9.6 
17.1 
8.8 
13.0 
15.6 
28.7 
6.2 
Music Condition 
Cheerful 
Mean 
10.9 
12.8 
25.9 
6.0 
-1.2 
1.4 
-7.0 
10.0 
4.9 
s.d. 
15.2 
9.2 
12.1 
9.6 
8.5 
15.7 
13.1 
21.9 
4.6 
Sad 
Mean 
6.9 
11.8 
25.1 
7.3 
-2.9 
2.2 
1.9 
5.9 
4.3 
s.d. 
16.9 
10.2 
13.6 
11.7 
7.9 
10.8 
15.6 
20.0 
6.1 
music condition, E(2,32) = 3.44; ρ < 0.05. The interaction of group by condition was 
not significant. Duncan's multiple comparison test revealed that the difference between 
silence and cheerful music was significant (p < 0.05), whereas the differences between 
silence and sad music, and between both types of music were not significant. The mean 
percent deviation score for the first presentation of all conditions was 7.1 (s.d. 15.7) for 
the patients, and 0.3 (s.d. 6.2) for the control group. For the second presentation these 
scores were 5.6 (s.d. 15.9) and 0.8 (s.d. 6.6) respectively. The main effect of repetition 
was not significant, but the interaction of group by repetition was, E(l,16) = 4.55; ρ < 
.05. There were no interactions of repetition with condition, and therefore, the effect was 
not analysed in further detail. Finally, to see whether there was a spurious effect of music 
with respect to the position of a line on the page, a separate analysis of variance was 
performed on the individual lines, with line position (left, central, and right lines), music 
condition, repetition and group as factors (see Table 4.4). There was a significant main 
effect for line position, E(2,16) = 28.86; ρ < .01. The interaction of group by line 
position was significant as well, E(2,16) = 33.08; ρ < .01. However, no other 
interactions with respect to this factor were significant, therefore we will not explore the 
effect any further. 
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4.4 Comment 
We studied the effect of stimulation with music in stroke patients with neglect and in 
normal control subjects. Both groups placed the estimation marie more to the right during 
music perception. 
The beneficial effect of music in patients with neglect reported by Hommel et al. 
(1990) could not be replicated. That effect was explained by the interaction of an increase 
of arousal in anunderaroused system with impaired'visuospatial attention. Likewise, loud 
music has been shown to have an arousing effect in patients in a persistent vegetative state 
(Wilson, Cranny and Andrews, 1992). Beneficial effects for neglect were observed in 
patients in whom the time post onset was only two weeks, suggesting that they may have 
had serious impairments of arousal due to hypoperfusion (Feeney and Baron, 1986). To 
the contrary, the patients in the present study were in the post acute phase, and there were 
no indications that they suffered from severe arousal deficits. Moreover, in the present 
study, the effect of music was detrimental, which indicates that a general increase of 
arousal is not a likely mechanism underlying the effect. 
In addition, the size and direction of the effect were similar in the patients and 
the control subjects, suggesting that the effect was not mediated by a change in a 
pathological mechanism, but was brought about by a normal mechanism. We are not 
aware of a theoretical model nor of empirical evidence that would suggest a shiñ of the 
visuospatial orientation of attention in normals, brought about by general arousing agents. 
Therefore, the similarity in the effects of patients and controls suggests that these effects 
are not caused by changes in arousal. Likewise, there was no differential effect of 
cheerful and sad music which indicates that the effect of music can neither be attributed 
to a change of arousal, nor to a change of mood. It is unlikely that sad and cheerful music 
present the same level or quality of arousal to the brain. It is more likely that sad music 
induces a depressed state, with accompanying low levels of arousal, and hence a 
detrimental effect on performance (which was observed indeed). Therefore, if sad music 
had a detrimental effect on neglect because of its mood induction, then cheerful music 
should have a non-effect or a beneficial effect. 
Now, although the patients were very well able to use the appropriate adjectives 
to indicate the mood that was expressed, we do not know if they really experienced the 
accompanying emotion. Morrow et al. (1981) found that, contrary to normals and LH 
damaged patients, RH damaged patients showed no increase of the galvanic skin response 
when they were presented with emotional visual stimuli, even though they did correctly 
name the events. This showed that RH damaged patients may lack the emotional response 
to a stimulus, in the presence of adequate verbal reactions. We do not know if the patients 
in the present study do or do not have such an impairment, but it is clear that the mood 
expressed by the music was not affecting their performance on the visuospatial task. At 
69 
Chapter 4 
this point it can be concluded that there are several indications that performance was not 
affected by either arousal or induced mood. 
A more likely way to explain the results was formulated in the the lateralized 
hemispheric activation hypothesis, which we will scrutinize now in relation to this study. 
Firstly, it was assumed that the RH is specialized for music processing (Joseph, 1988; 
Springer and Deutsch, 1981; Zatorre, 1979). Such an assumption may be too coarse 
because music processing, just like all complex functions, includes many aspects that may 
be processed in different areas of the brain (Peretz, Kolinsky, Tramo, et al., 1994). 
Nevertheless, in Roland's (1993) review of the few brain imaging studies on music 
perception, it was concluded that besides bilateral activation of primary and secondary 
auditory areas, music also activated the right temporal, inferior parietal and frontal areas, 
including the Frontal Eye Fields. This activation pattern suggests not only a special 
involvement of the RH, but even an overlapping involvement of the RH areas subserving 
visuospatial functions and music perception. 
The second assumption underlying the laterality hypothesis is that a spread of 
activation in the RH by processing hemisphere specific information, results in a 
redirection of attention to the left side. This assumption is more difficult to prove. 
Enhancement of attention to the left side of space by music was observed (Segalowitz and 
Plantery, 1985), in an experiment in which either verbal or musical information was 
presented auditorily. It was concluded that music draws attention to the left and speech 
draws attention to the right, because of the opposed lateralization of these modes of 
information. Because this conclusion was in fact based on a measure of auditory attention, 
its implications for visuospatial attention are unclear. An analogous line of reasoning was 
employed in three studies on the effect of the verbal and spatial modality of information 
on performance of patients with neglect. In these studies the patients were presented with 
cancellation tasks with either verbal symbols or visuospatial figures (Caplan, 1985; 
Heilman and Watson, 1978). It was hypothesized that verbal information would activate 
the LH and thus result in an aggravation of neglect, whereas visuospatial information 
would activate the RH, and, hence, result in a amelioration of neglect. Heilman and 
Watson (1978) found this effect, but two later studies failed to reproduce it (Caplan, 
1985; Heilman and Watson, 1978; Weintraub and Mesulam, 1988). These findings 
suggest that hemispheric activation may either be difficult to achieve in a complex task, 
or if it is achieved, it is not always beneficial to visuospatial orienting functions. 
The present finding of the rightward bias of attention during listening to music 
shows that music perception did indeed affect visuospatial orienting behaviour. However, 
it did not induce better leftward orientation, but it interfered with leftward orienting. The 
effect was not significantly different for different line positions. These observations do not 
support the idea that music draws attention to the left side. The finding suggests rather 
that both music perception and orienting require activation in the same areas of the brain 
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for differential purposes. Thus, it appears that activation of an area for the purpose of 
music perception interferes with activation of that area for the purpose of visuospatial 
orienting. This suggestion bears at least on some empirical support, because two areas, 
the right inferior parietal areas and the right frontal eye fields are involved in both spatial 
attention and music processing (Roland, 1993). 
The only reliable beneficial effects in neglect have been elicited by stimulation of 
systems that are intrinsically linked to visuospatial orienting. Robertson (1991) showed 
that activation of the RH motor system -moving the left hand- may recruit RH visuomotor 
orienting mechanisms in neglect patients. Furthermore, Gainotti (1993) argued that the 
effect of vestibular stimulation in neglect can be accounted for by the eye deviation reflex 
towards the impaired side, which was assumed to lead to an automatic relocation of 
spatial attention in the same direction. The discrepancy of these leftward shifts of attention 
and the rightward shift of attention during music is interesting, because it supports the 
idea that the cerebral cortex consists of multiple functional sensori-motor links 
(Creutzfeldt, 1985). Perhaps the crucial difference is whether the same area of the brain 
is required in processing of two concurrent types of information, or whether it is 
automatically (со) activated by mechanisms like motor overflow. 
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Chapter 5 1 
Walking through doorways: 
An analysis of navigation skills 
in patients with neglect. 
Abstract. Neglect can cause problems in navigation in the environment, for 
instance because patients tend to bump into objects such as doorposts. The aim 
of this study was to analyze the extent to which neglect affected navigation 
skills. Nine stroke patients with adequate walking abilities of whom five had 
visual neglect, were observed while they walked through an aperture. The 
width of the passage was varied, and in some trials a coloured strip was 
attached to either the left or the right side of the aperture in order to increase 
the salience of that side. Patients with neglect bumped into the sides of the 
aperture much more often than the patients without neglect or the controls 
(N=18). The coloured cue had no effect on the number of collisions. The 
number of collisions correlated highly with paper and pencil tests of neglect. 
The results showed that there are differential patterns of performance. Three 
patients with mild neglect bumped into the left side, and two others with more 
severe neglect bumped predominantly into the right side. An important 
indicator of the coupling between perception and action is rotation of the 
shoulders while passing a narrow aperture. Although the patients were able to 
do so, they often failed to rotate their shoulders when this was required for a 
smooth passage, thus indicating an impairment at the level of perception-action 
coupling. This is even more interesting because patients were very well able to 
estimate the width of the aperture at the verbal level. The main findings are 
discussed in terms of a contralateral attentional deficit and an ipsilateral release 
of 'intentional' processes. Implications for future research are discussed. 
Co-authors are A. Dinkla and Th. Mulder. The authors wish to thank the 
patients and staff of Rehabilitation Centre Beatrixoord for their invaluable help in this 
research. We are also very grateful to Jacques van Limbeek for statistical advice, and 
to two anonymous referees for their helpful comments. This study is accepted for 
publication in Neuropsychological Réhabilitation, χ, xx-xx. 
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5.1 Introduction 
Why do patients with neglect bump into a doorpost? A common explanation is that 
they do so because they 'neglect' it. However, since patients often report that they 
have noticed the doorpost they bumped into, the discrepancy between detection of an 
object and navigation of the body around it may require a more complex explanation 
(Webster et al., 1988). The aim of this exploratory study is to decide whether we can 
formulate relevant questions and more specific hypotheses for future research 
concerning problems in navigation of the body through space in neglect patients. 
Although problems in spatial navigation behaviour in neglect have clinical and 
theoretical implications, they have rarely been addressed in experimental studies. 
There may be several reasons for this omission. The first reason is the misconception 
that walking is always impaired in stroke patients with neglect. Although neglect is 
indeed a strong predictor for walking disabilities after stroke (Friedman, 1990), 
patients with minor hemiplegia accompanied by neglect certainly are not rare. The 
combination of neglect and a relatively unimpaired mobility forms a profound risk for 
the patients' safety, a factor that by itself warrants further study. The second reason 
for the lack of research into navigation in neglect may be that walking has long been 
viewed as one of the innate, non-cognitive sensorimotor skills and that therefore, it 
appeared hardly of interest to neuropsychology. Neglect, on the contrary, has been 
viewed as a disorder of attention or conscious representation of space. Although 
walking through a doorway is not a typical attention demanding task, patients with 
neglect frequently bump into one of the sides. It is of interest to examine in what 
manner the pickup of information or the execution of actions in this type of skill has 
been disrupted in neglect. Finally, there is the implicit assumption that findings 
generated in a fine motor task, will generalize to other task contexts. Neglect patients 
are usually tested at a desk or behind a computer screen, and most theories of neglect 
and attention processes in neglect are empirically founded in fine sensory-motor tasks, 
like pushing buttons or bisecting lines. However, recently, numerous dissociations 
have been reported between, and even within patients across different tasks (Riddoch 
& Humphreys, 1994) suggesting that -perhaps- navigation of the body through space 
and fine motor tasks may elicit differential neglect symptoms. Combining these 
aspects, the study of gross motor skills like navigation in the environment is highly 
relevant for a better understanding of neglect. 
The authors wish to emphasize that the function of these questions was to 
obtain selective observations against a background of theoretical insights, not to test a 
given theory. As we know, some neglect patients bump into doorposts. Walking 
through an aperture requires complex spatio-motor processes. For instance, the 
egocentric location of both doorposts has to be taken into account in planning a 
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trajectory. The size of the aperture has to be scaled onto the body width, and 
consequently a shoulder rotation may be required. Patients with neglect have problems 
in this type of behaviour, and we believe a theory of neglect should at least be able to 
address some of them. The aim of this study was to analyze problems in navigation 
against a theoretical background. Four questions concerning the role of neglect in 
navigation were formulated. The first question was whether hemianopsia or postural 
instability could account for bumping into objects. 
The second question concerned the side of the collisions. Webster et al. (1988) 
observed that patients bumped into objects with the left side of their wheelchairs. It 
was shown in another study that patients with neglect tended to deviate to the right 
side of a doorway while walking towards it (Robertson, Tegner, Goodrich and Wilson, 
in press). In the first, free field situation a distant visual landmark may have been 
chosen as a reference for action, resulting in left neglect for objects appearing on the 
way. In the second situation the only landmarks were the two doorposts, of which the 
right most one automatically 'captured' the patients' attention. Robertson et al. (in 
press) thus argued that an attentional 'capture' theory (Gainotti et al., 1991) was 
sufficient to explain both left and right collisions, depending on the number of objects 
encountered. However, since the patients were only walking towards the doorway, and 
did not actually pass it, it is unknown whether such patients would bump into the right 
side when passing it. A 'hyperattentional' hypothesis predicts only that a patient will 
orient attention to the right, but this will rather help to avoid the attended object, and 
not result in bumping into it. A 'hypo-attentional' hypothesis can not explain why a 
patient would be behaviorally attracted to the ipsilateral doorpost. A hybrid point of 
view was formulated in the premotor theory (Rizzolatti and Berti, 1990; 1993) which 
predicts both left and right collisions. In this theory, the contralateral attentional deficit 
is considered as a negative symptom, a direct consequence of the lesion, whereas the 
excessive ipsilateral orienting behaviour is considered as a positive symptom, due to 
release of inhibition by the damaged region(s). Consequently, a patient with a lack of 
contralateral attention would bump into the left side of an aperture, when avoiding the 
well attended right side. The release of ipsilateral orienting tendencies (which have 
both attentional and motor components) would result in a rightward path and hence, 
in the absence of flexible motor adjustments, the occurrence of collisions against the 
right side. Overt and covert orienting are seen as each others counterparts, not as 
separate entities. 
The third question concerned shoulder rotations. In normals there is a very 
reliable relationship between perception of the width of an aperture and rotation of the 
shoulders while passing it (Warren & Whang, 1988). Apparently, visual information is 
scaled to the width of the body, and it has a function in guiding the body movements. 
In this study, the width of the aperture was manipulated to observe whether patients 
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with neglect showed abnormal shoulder rotation. The patients' 'pure' ability to 
estimate the aperture width was assessed separately. 
The final question was whether an increase in the salience of one of the 
doorposts would attract attention and thereby influence performance. This was done by 
attaching a signal-red coloured strip to either side, which is similar to the 'anchoring' 
procedures employed by Diller & Weinberg (1977) and recently by Lennon (1994). 
5.2 Method 
Subjects. Nine patients with a unilateral stroke in the Right Hemisphere (mean age 56 
years, range 27 - 72) and 18 healthy control subjects (mean age 60 years, range 58 -
70) participated in the present study. See Table 1 for clinical details. 
All patients were able to walk at least 100 m without aids. They were able to rotate 
their shoulders while walking. Walking speed, the time to walk 10 m, was used as a 
functional measure of motor recovery (Wade, 1993). Hemianopsia was assessed by 
confrontation and or perimetry. Neglect was assessed by means of a drawing task, a 
letter cancellation task (Cancel 'H', Diller et al., 1980) and a line bisection test (ten 
horizontal lines of 10 and 15 cm placed pseudo-randomly on a sheet of paper). Four 
patients had no neglect on testing, and five had clear signs of neglect. 
Materials. A doorway-like opening was formed by two white curtains that were hung 
from a wooden frame of 2 m high and 2.40 m wide (see Figure 5.1). At either side of 
the opening a thin wooden strip was attached for extra solidity. The width of the 
opening was varied by means of a pulley, that was handled outside the patients' view. 
Markers were placed on the subjects' shoulders, to increase the visibility of shoulder 
movements. The experiment was recorded with a video camera. 
Procedure. The navigation task consisted of walking through the aperture. To 
accomplish a 'natural passage', that is, a situation in which subjects were not 
laboriously trying to pass the aperture as 'good' as possible, subjects were asked to 
make a jigsaw puzzle, of which they had to collect one piece each trial from a table 
placed 2 m behind the aperture. Subsequently, they followed the same route back. The 
starting point was 5 m in front of the curtain. A signal-red strip of cloth could be 
attached on either side of the opening. The width was adjusted to the patients shoulder 
width at -10, 0, 10 or 20 cm. There were 12 passage trials, with three cue positions 
(no, left or right), and four widths presented in a pseudo-random order. The following 
aspects of the passage were observed. 1) The presence and side of a collision. 2) The 
path followed (passing through the centre, or via the left or the right side of the 
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Figure 5.1 The doorway like aperture. 
aperture). A central path, for instance, was judged when the distance of the top of the 
head and both sides of the aperture was equal. 3) The presence of a shoulder rotation. 
Scoring of the videotapes was done by two independent judges. Subsequently, there 
were 12 estimation trials in which the patient was standing in front of the opening at a 
distance of 1 m. This distance was chosen, because adjustments are programmed one 
or two strides ahead (Schmidt, 1988). The patient was asked whether he or she had to 
rotate the shoulders to pass a given opening (varying from -10 cm to +20 cm). The 
answer 'yes' was correct for apertures of -10 and 0 cm, while the answer 'no' was 
correct for apertures of + 20 cm. Apertures of +10 cm were excluded from analysis, 
because here the actual shoulder rotations of the control group was not consistent (see 
Table 2). 
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5.3 Results 
The number of collisions, the path, the rotations and estimation are presented in Table 
2. Analyses of variance were performed on these dependent variables with group 
(Control group, patients with neglect and patients without neglect) as a factor. 
Significant group effects were followed by Duncan's Multiple Range test, with α set at 
.05, to establish the source of the effect. 
There was no difference between the groups with and without neglect with 
respect to walking speed (see table 1). There was a significant group effect with 
respect to the number of collisions (F(2,24) = 45.31; ρ < .001). Duncan's Multiple 
Range Test revealed that all three groups differed significantly from each other. There 
was also a significant group effect for the number of times a straight path was taken 
(F(2,24) = 64.12; ρ < .001). Again, Duncan's procedure revealed that the three 
groups differed significantly from each other. There was a significant group effect for 
the number of rotations (F(2,24) = 60.01; ρ < .001). Duncan's procedure revealed 
that the differences between the control subjects and the neglect patients, and between 
the patients with and without neglect were significant, whereas there was no significant 
difference between the patients without neglect and the control subjects. There was a 
significant interaction of rotations by width by group (F(2,24) = 5.61; ρ < .05). Post 
hoc t-tests revealed that the difference in width between +10 and -20 cm, was 
significant for the controls and the non neglect group, but not for the neglect group. 
There was no group effect on verbal estimation of the width of the aperture (see Table 
2). 
For the patients, there was no effect of the cue on the number or side of 
collisions (see Table 3). Likewise, there was no effect of the width of the aperture on 
the number of collisions. In the whole group of patients (N=9) there was a negative 
correlation between the numbers of collisions and shoulder rotations (r = -.83; ρ < 
.01). There were high correlations between the number of collisions and line bisection 
(r = .86; ρ < .01), and cancellation (r = .90; ρ < .01)). 
Inspection of individual performance (Table 5.2) appears to reveal different 
patterns. Three patients (1, 2 and 4) without neglect on testing had hardly any 
collisions. Patient 3, however, made four collisions, of which three were on the left 
hand side. He showed profound neglect symptoms in dressing and grooming. Three 
patients with neglect (5, 6, and 8) chose a predominantly left path and made some 
collisions on the left. Finally, two patients (7 and 9) with severe neglect, chose a 
predominantly right path, and had many right-sided collisions. 
With respect to the path through the aperture, it is relevant to note that Subject 
4 chose a path towards the right in five trials. Although this subject had a severely 
hémiplégie gait pattern, he only bumped twice. 
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Table 5.2 Global performance in navigation task. 
Group 
Control 
(N=18) 
Patients 
without 
neglect 
(N=4) 
Patients with 
neglect 
(N=5) 
Pat-
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Mean 
s.d. 
Mean 
s.d. 
Mean 
s.d. 
Collisions 
0.17 
0.38 
2 
0 
4 
2 
2.0 
1.63 
5 
4 
7 
7 
12 
7.0 
3.08 
Straight 
Path 
11.83 
0.83 
5 
12 
10 
7 
8.50 
3.11 
4 
3 
6 
6 
5 
4.80 
1.30 
Rotations 
8.89 
1.41 
10 
10 
6 
10 
9.00 
2.52 
3 
5 
3 
7 
0 
3.60 
2.61 
Estim. 
Errors 
0.72 
0.50 
1 
1 
1 
2 
1.25 
.50 
1 
0 
0 
0 
2 
0.60 
0.89 
Note. Maximum number of collisions, straight path and rotations was 12. The number of 
estimation trials was 8. 
Table 5.3 Side of collisions. 
Group 
Control 
N-
N + 
Mean 
s.d 
Mean 
s.d. 
Mean 
s.d. 
Subject 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Left 
0.06 
0.24 
0 
0 
3 
2 
1.25 
0.24 
3 
4 
1 
3 
2 
2.60 
1.14 
Side 
Right 
0.11 
0.32 
1 
0 
0 
0 
0.25 
0.50 
0 
0 
3 
1 
6 
2.00 
2.55 
Both 
0.0 
0.0 
1 
0 
1 
0 
0.50 
0.58 
2 
0 
3 
3 
4 
2.40 
1.52 
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Table 5.4 Number of shoulder rotations in relation to the width of the aperture. 
Group 
Controls 
N-
N + 
Note. There 
Mean 
s.d. 
Mean 
s.d. 
Mean 
s.d. 
were three 
Subject 
1 
2 
3 
4 
5 
6 
7 
8 
9 
-10 
2.94 
0.24 
2 
3 
3 
2 
2.75 
0.50 
1 
3 
0 
0 
0 
0.80 
1.30 
observations for each width 
0 
3.0 
0.0 
2 
3 
2 
3 
2.75 
0.50 
1 
2 
1 
3 
0 
1.40 
1.14 
Width 
10 
2.39 
0.85 
2 
3 
1 
3 
2.50 
1.00 
1 
0 
2 
1 
0 
0.80 
0.84 
20 
0.56 
0.86 
0 
1 
0 
2 
1.00 
0.50 
0 
0 
0 
3 
0 
0.6 
1.34 
Table 5.5 Number of times a left, a central, or a right path was taken. 
Group 
Controls 
N" 
N + 
Note. The total 
Mean 
s.d. 
Mean 
s.d. 
Mean 
s.d. 
number of 
Subject 
1 
2 
3 
4 
5 
6 
7 
8 
9 
trials was 12. 
Left 
0.00 
0.00 
0 
0 
2 
0 
0.50 
1.00 
8 
9 
2 
1 
0 
4.0 
4.18 
Path 
Central 
11.83 
0.38 
5 
12 
10 
7 
8.50 
3.11 
4 
3 
6 
6 
5 
4.80 
1.30 
Right 
0.17 
0.38 
7 
0 
0 
5 
3.00 
3.56 
0 
0 
4 
5 
7 
3.20 
3.11 
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5.4 Discussion 
The aim of this study was to analyze navigation problems of patients with neglect, by 
observing how they walked through a door-like opening of varying width, with or 
without a coloured cue attached to either side of the passage way. The first observation 
was that the walking speed of patients with and without neglect was equal, while the 
patients performed worse with respect to collisions, rotations and the path they 
followed through the aperture. Motor instability in and by itself is not a sufficient 
explanation for colliding with objects. Hemianopsia can also be excluded as an 
explaining factor, because two well-performing patients without neglect had a 
hemianopsia, whereas Patient 7 had neglect without hemianopsia, and he performed 
poorly. It was not studied here, whether bumping into objects was associated with 
problems in localisation, or depth perception. 
The second observation was that, although the number of collisions to the left, right 
and both sides in the group of patients with neglect was equal, the side of the 
collisions was not random. The three patients who bumped against the left side showed 
moderate neglect on testing. They took more often a left than a central path. This 
performance can be seen as a negative symptom (Rizzolatti and Berti, 1990; 1993). 
The two patients who bumped against the right side showed severe neglect on testing. 
Inspection of the videotapes revealed that they were heading straight towards the right 
side, but in stead of changing their trajectory, they pushed the curtain aside with the 
right arm. This strikingly stimulus bound behaviour may be viewed as a positive 
symptom, revealing a low level of control of navigation, not allowing for anticipation. 
It was as if a stimulus on the right triggered an overt motor response, and not only 
'attracted' attention. An alternative explanation for these different patterns is that a 
subject may either choose the distant table or the very first landmark (the right side of 
the aperture) as a reference for planning the trajectory. Anyway, the first strategy 
reflects normal trajectory planning with an error caused by an attentional deficit, 
whereas the second strategy is an indication for a concrete, primitive level of 
navigation. 
The third observation was that the highly predictable perception-action 
coupling between the width of an opening and rotation of the shoulders that marks the 
normal passage was compromised in neglect patients, but not in patients with 'just' a 
hémiplégie gait pattern. The basic motor skill of rotation of the body while walking 
was not compromised. The verbal estimation responses were also close to perfect, but 
we can never rule out that a disorganized system can come to the right conclusions for 
the wrong reasons. However, the discrepancy between the patients' verbal judgement 
and their actual behaviour can be understood in terms of a differentiation in the way 
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an organism is using information to guide the ongoing action. There have been other 
reports of discrepancies in performance with verbal and motor output in neglect (for 
instance Bisiach, Vallar and Geminiani, 1989; Reuter-Lorenz and Posner, 1990). It has 
been claimed that different systems for the selection of visual information may be 
operative, dependent on the task (e.g. see Neumann, 1984). Neglect patients could 
have failed to select the appropriate spatial information required for adaptive, skilful 
navigation and rotation of the body, while they were able to select information 
concerning the same space, but now required for a cognitive judgement process and 
subsequent verbal output. A perceptual-motor skill, like the one studied here, has often 
been conceptualized as a fixed, automatic, interference free 'habit' which is the result 
of repetitive practice. However, Neumann (1984; 1987) argued that, in skilful 
movement, the organism is 'tuned' to pickup specific, movement related information. 
In other words, vision has a motor function. The selection of shoulder turning and a 
trajectory may be conceptualized as a non-attentive visual selection process for action. 
Hence, shoulder turning can be seen as an instance of the use of spatial visual 
information as 'direct' input for motor parameter specification (Paillard, 1991). Visual 
cues for the guidance of movement are brightness contrast contours, motion, distance, 
and location (Laurent, 1991), but there is no indication that colour information would 
have 'direct' access to visuo-motor navigation skills. This explains why the colour 
contrasting cue (that had little brightness contrast) played no powerful role in the 
prevention of collisions in locomotion. It is important to examine in the future whether 
cues that have a more intrinsic action-related power to guide locomotion can improve 
aspects of navigation behaviour in neglect patients. 
Combining the findings concerning the collisions, the lack of effect for the 
cue, the lack of rotations, and the adequate verbal judgements in the neglect patients, 
we can suggest that neglect may (in addition to being an impairment of attention 
and/or of conscious representation of space) also have consequences for non-attentional 
visuo-motor skills. The premotor theory (Rizzolatti and Berti, 1990; 1993; Rizzolatti 
and Camarda, 1988) accommodates for these findings, because their concept of viewer 
oriented representation is essentially action-, or effector oriented. Indeed, Karnath, 
Schenkel and Fischer (1991) showed that one component of neglect was a displacement 
of the subjective body centred reference (or neural representation of space) to the 
right, which can account for the rightward trajectory in two of our patients. 
Finally, there appear to be clear analogies between our study and some recent 
kinematic studies of dissociations between reaching and grasping in neglect (Chieffi, 
Gentilucci, Allport, Sasso, and Rizzolatti, 1993; Goodale, Milner, Jacobson and 
Carey, 1990). Further studies concerning the selection of a walking trajectory and a 
shoulder rotation could provide evidence for the notion that, in neglect, impairments in 
the selection for action (Allport, 1993) may underlie some of the symptoms. 
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Motor aspeas of neglect 
Chapter 6 
Motor aspects of neglect: 
Some empirical constraints 
for a theoretical framework. 
There is a large amount of clinical and experimental evidence on the influence of 
visual factors on motor performance, and on the influence of motor factors on the 
visual symptoms of neglect. For instance, there are dissociations among patients 
with respect to input and output forms; moreover, several interdependencies 
between input and output factors have been shown within subjects. Such empirical 
phenomena place logical constraints on any theoretical attempt to explain neglect 
phenomena in terms of their causal mental structures. These constraints are: (1) 
Although neglect is expressed through an inability to detect visual targets, it is not 
a unitary phenomenon, because there are types of neglect that are predominantly 
based on impairments in premotor functions, and there are types that are 
predominantly based on impairments in perceptual functions. The important point 
is that in premotor neglect the underlying deficit must be localized in premotor 
processes, whereas the consequences are in the domain of visual awareness. (2) 
The repeatedly observed interdependencies of perceptual and premotor phenomena 
preclude a mono directional, serial model of information processing. These facts 
must be addressed in any model that attempts to explain neglect. These constraints 
suggest that the concept of 'pragmatic maps of space' is a good candidate for 
further developments of ideas and further research into motor aspects of neglect. 
6.1 Introduction 
Hemispatial neglect is a bewildering, complex set of phenomena in which patients may 
fail to report, respond to, or orient towards novel or meaningful stimuli, presented on the 
side opposite to a unilateral brain lesion. Notwithstanding the tremendous amount of 
empirical studies published over the last two decades, we are as yet unable to tell 'what 
neglect is' or to specify a model of the underlying mental structures in sufficient detail 
to explain the majority of these data. Matters are far too complex. Instead of presenting 
the reader with a review of 'the literature' (some excellent reviews have been published 
recently in Marshall, Halligan & Robertson, 1993), the aim of this chapter is to present 
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some observations concerning aspects of planning and execution of movements in neglect 
that seem to place serious constraints on any model of the mental structures for normal 
spatial selection. The phenomena to be discussed below may indicate in what direction 
one must proceed the quest for a theory that can eventually explain neglect phenomena. 
Anyone who studies a complex cluster of phenomena like 'neglect', has the desire 
to disentangle its constituent elements. Several theorists were convinced that aspects of 
perception and motor organization played a role in the symptomatology of the neglect 
syndrome. For instance, in the network model of Mesulam (1981) it was suggested that 
motivational values from limbic areas, spatial representations of the parietal areas, and 
motor representations of the frontal cortex were integrated into a complex neural network 
involved in modulating directed attention. Such a model predicted the existence of 
different types of neglect, with either an emphasis on perception on action1. A problem 
in analysing the perceptual and premotor aspects, is the fact that it is impossible to 
conclude from the behavioural anomalies, which factor determines why a patient neglects 
information. The patient's actual performance on a clinical neuropsychological test does 
not reveal anything on the underlying mental structure (see also Chapter 1). In a 
cancellation task, for example, the required perceptual and motor processes are closely 
intertwined, and it is impossible to conclude whether omissions result from a failure to 
'see' or attend to the target or from a failure to move towards the target. We cannot 
simply ask the patient, because the key symptom of neglect is the lack of perceptual 
awareness. There are some experimental results and some clinical phenomena that indeed 
suggest that motor factors may contribute to the neglect symptoms, but the picture is far 
from clear. The first cluster of observations resulted from experimental manipulations of 
the amount of visual information available to the patient, in order to reveal the remaining 
'sources' of neglect. The second cluster of observations concerns puzzling 
interdependencies between the premotor and perceptual processes. The third cluster of 
observations concerns the analysis of movement parameters in various tasks. I will review 
these three clusters and make an attempt to extract their theoretical implications. 
Although the model also predicts the existence of neglect phenomena with respect 
to motivation or emotion, hardly any empirical basis for neglect features of this type has 
as yet emerged. An exception is formed by a study by Morrow, Vrtunsky, Kim and 
Boiler (1981). 
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6.2 Manipulation of vision 
Neglect is not a deficit of visual information processing, although the absence of visual 
information may ameliorate the symptoms. For instance, several studies have 
demonstrated that performance of patients with neglect improves when the task has to be 
fulfilled blindfolded or in the dark, thus suggesting that the main deficit was of visual 
origin (Chedru, 1976; Fujii, Fukatsu, Kimura, et al., 1991; Hjaltason & Tegner, 1992; 
Gentilini, Barbieri, de Renzi and Faglioni, 1989). However, this is not the entire story, 
because -as we will see below- there are some subtypes of neglect with a more manifest 
motor nature, in which symptoms are even more salient in the dark (Cubelli, Nichelli, 
Bonito, De Tanti, and Inzaghi, 1991). Moreover, there are some reports that suggest that 
premotor factors (whatever their exact nature may be) may be prominent in neglect 
performance in general. 
Let me first review the beneficial role of the absence of vision in neglect. Fujii 
and colleagues (Fujii et al., 1991) required ten patients who showed signs of neglect on 
a line bisection test, to perform a tactile version of this test: they were blindfolded and 
had to bisect a series of sticks by means of tactile exploration. In the tactile version of the 
test the neglect symptoms disappeared. However, in the tactile motor task the hand had 
to explore the stick in a serial manner, whereas the visual task required a more parallel 
set of computations. Hjaltason and Tegner (1992) showed in two visual versions of line 
bisection which both required the same response, and which only differred in the amount 
of background illumination, that performance improved in darkness. Thus, the conclusion 
appears justified that, at least in some patients, the mere presence of distracting visual 
information induces neglect behaviour. Because neither tactile performance (Fujii, et al., 
1991) nor visual performance without visual distractors (Hjaltason and Tegner, 1992) 
elicited symptoms of neglect, an explanation must presumably be formulated in terms of 
an automatic visual attentional orientation which is biased towards any event or object on 
the right side of space (D'Erme, Robertson, Bartolomeo et al., 1992; Gainotti, 1993; 
Kinsboume, 1987; 1993). Automatic capture of attention to one side, implies neglect for 
concurrent information on the other side. Withdrawal of potential attention-capturing 
stimuli allows the subject to orient towards the contralateral side of space. 
In two other experiments (Chedru, 1976; Gentillini et al., 1989) the patients were 
required to explore a computer keyboard, either under visual control or blindfolded. In 
both experiments, it was observed that, as a group, patients hit far fewer keys on the left 
side of the keyboard under visual control, whereas there was no difference between left 
and right keys when they were blindfolded. Depriving the patients of their visual input 
appeared to allow them to employ intact, alternative methods of behavioural organization. 
This again suggested a special role for visual perception. However, although performance 
of many patients improved in the dark, the interpretation of neglect as a visual-perceptual 
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disorder requires some correction. Cubelli and colleagues (Cubelli et al., 1991) re-
analyzed the experimental group data collected by Gentilini et al. (1989). Inspection of 
the individual results led them to conclude that three subjects were in fact only impaired 
in the dark. This suggested that the performance of these individuals was determined by 
a directional disorder of a non-visual nature, presumably a deficit in premotor processes. 
Likewise, inspection of the individual data of Chedru (1976), suggests that some of the 
patients without visual field defects showed more left neglect when they were blindfolded. 
However, because the selection criteria in that sudy with respect to the presence of 
neglect were not given, firm conclusions cannot be drawn. The absence of hemianopsia, 
however, suggests that the patients with neglect may have had more anterior lesions, and 
hence, a deficit in premotor factors, that was compensated by vision. In the absence of 
visual information, the problem in directional motor organization may have been more 
prominent. The nature of these and other premotor factors is far from clear yet. One can 
think of higher order processes involved in the tranformaron and coding of spatial 
parameters of an abstract motor program (see, for instance, papers in Paillard, 1991, for 
some hypotheses on spatial transformations in motor planning). In the present paper some 
evidence on the existence of these premotor factors in neglect and their theoretical 
implications is discussed. 
The observation that the performance of most but not all patients benefitted from 
withdrawal of visual information (Cubelli et al., 1991), suggests the existence of a 
premotor type of neglect. Indeed, Ladavas and colleagues (Ladavas, Umiltà, Ziani et al., 
1993) showed that in patients in whom such a premotor type of neglect was assessed by 
means of a mirror reversed procedure (which will be described in paragraph 6.4) 
performance was not improved in the dark. Performance in the dark was only improved 
in patients with predominantly perceptual types of neglect. Thus, it must be concluded that 
there must be a differential role of visual information in specific subgroups, suggesting 
that the perceptual type is characterized by hyperattention to the right side, whereas the 
premotor type can to some extent be compensated for by visual input. 
7.2.1 Hyperattentional bias 
The hyperattentional bias may not only affect attention or awareness of a stimulus (as in 
the results of Hjaltason and Tegner, 1992, described above), but it can exert a specific 
influence on the patients' overt motor behaviour. A relevant finding concerning motor 
symptoms as a consequence of visual manipulations is the peculiar perseveration 
sometimes observed in cancellation tasks, when patients appear to persevere responding 
to targets on the right side. This perseverative rightward motor response is clearly 
triggered by the mere presence of these targets. Mark, Kooistra, and Heilman (1988) 
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showed that in cancellation with a special pencil with an erasing tip, which did not mark 
the targets, but made them disappear, such a perseverative response was absent and more 
targets on the left side were crossed out. Again, it can be seen that in neglect there 
appears to be a coupling between an attentional bias and an automatic motor response that 
is in fact too tight, because it precludes a flexible, voluntary manner of behavioural 
control. 
A second indication for a motor anomaly as a consequence of a visual 
hyperattention was observed in the walking trajectory of patients with neglect who 
approached a doorway, and deviated towards the right side of the aperture (Robertson, 
Tegner, Goodrich, and Wilson, 1994). This observation was replicated by Tromp, Dinkla 
and Mulder (in press; see Chapter 5), especially in patients with severe neglect. Patients 
with mild neglect, on the contrary, showed a deviation of the trajectory to the left of the 
center of the aperture. It was concluded that a rightward trajectory reflected a positive 
symptom, in this case the release of a primitive perception-and-action coupling, that 
attracted the body in an almost magnetic fashion to the rightmost physical object, on the 
right side of the aperture. A leftward trajectory reflected a negative symptom, presumably 
the deficit of attention to the left side of space, thus resulting in a lack of visual control 
when the patient tried to avoid the right side of the aperture. 
An instance of an attraction of the motor trajectory of the hand towards a visual 
stimulus was demonstrated by Chieffi, Gentilucci, Allport et al. (1993). They showed that 
the mere presence of an object on the right side of a target for grasping, caused a 
deviation of the reaching trajectory to the right side. This deviation was corrected 
eventually by the patient, and there was no actual misreaching. One of the most 
interesting observations was that the apparent attraction of the moving hand towards the 
right object did not affect the grasp size. Thus, a large object on the right side did not 
result in larger grasp size for a small central target object. These findings are interesting 
for two reasons. First, it appears that too much attention has a maladaptive effect on the 
movement trajectory; if attention would only have a 'spotlight' function, thus enabling the 
further perceptual analysis of a given object, there is no reason why it should alter the 
movement trajectory. Given that 'attention' alters motor performance, it is furthermore 
very striking that it only affects the trajectory, not the grip size. If attention were unitary, 
the perceptual analysis of the object-as-a-whole would be enhanced, thus affecting both 
the quality of the reach and the grasp component. This study shows that attention, or at 
least selection for action, can be affected in a patient with neglect in one way but not 
another. In other words, visual selection is not a unitary process, but it must be 
conceptualized as a set of task dependent mechanisms. 
Perhaps the concept of 'skill' as it was elaborated by Neumann (1984; 1990) can 
be a fruitful tool for understanding the dissociation between trajectory and grip size. 'A 
skill can be used to pick up and specify the information needed to spacify the action' (p. 
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281). Such pick up of information does not necessarily require attention, or central 
capacity, because the represented skill itself determines automatically and directly what 
information is selected. Direct specification of parameters for movements is an intriguing 
phenomenon which occurs in normal subjects in a wide variety of conditions (Neumann 
and Klotz, 1994), and it appears to me that just this type of non-attentional transformation 
of visual information into a specification of action (which is of course important in daily 
life) are extremely relevant to study in neglect. 
BISDTION T U I 
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Figure 6.1. Movement trajectories of a control subject (upper) and a 
representative neglect patient (lower) in a pointing task. Solid lines represent the 
trajectory towards the single target, whereas broken lines represent the trajectory 
towards the midpoint inbetween two stimuli. The patient's initial trajectory in 
both tasks was deviated to the right. The 'in flight' corrections were more 
pronounced in the single target task than in bisection (from Goodale et al. 1990) 
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Moreover, an explanation for such deviations of the movement trajectory in terms of 
attention may also be too 'cognitive', because several studies suggest that they may be 
basically premotor in origin. A motor bias to the right has been observed in the trajectory 
of a pointing task in which subjects were either required to point with their right index 
finger to a single visible target, or to the virtual point exactly between two targets 
(Goodale, Milner, Jakobson, and Carey, 1990). Nine patients with clinically recovered 
neglect had been tested. In both conditions the patients showed an initial rightward 
deviation for left targets (see Figure 6.1). However, pointing to a single visible target 
resulted in adequate compensatory corrections in the final part of the trajectory. When 
they were pointing to the virtual point in between two visual stimuli, the patients clearly 
failed to correct their trajectory, thus showing a rightward error in 'bisecting' the empty 
space between two points. The authors argue that the initial right motor bias reflects a 
persisting neglect symptom. The fact that this even occurs in the absence of a visual 
stimulus on the right side of space, as in the single target pointing task, suggests that this 
bias is not based on a hyperattentional orientation to visual input, but on a basic 
directional motor bias. In addition, it appears that the bisection error, the apparent failure 
to correct the homing in phase of the trajectory in the presence of two visual stimuli, 
reflects a hyperattentional component, because the trajectory appears to be over-
determined by the rightmost visual stimuli. 
A similar pattern of results was obtained in two studies employing eye 
movements, in which these movements were restricted to the right hemispace both in the 
presence (Kamath, 1994) and in the absence of visual input (Hornak, 1992). The barest 
demonstration of a rightward 'pull' of eye movement in the dark was given by Hornak 
(1992). It is relevant to note that, when he calibrated the eye movement registration 
system for each patient, by requiring them to fixate a series of salient targets at all 
eccentricities, he observed that full-range eye movements were possible in all patients. 
Subsequently, he asked the patients to scan the completely darkened room for a dim light, 
which was in fact not presented. Usually the patients completed the task after searching 
the right half of visual space. Then, they were asked whether they had checked 
'everywhere', which always resulted in more fixations on the right, and hardly ever in 
any fixation to the left. Thus, in complete darkness patients confined their eye fixations 
almost entirely to the right of the midline, with less than 10% of the fixations in the 
region within 10 degrees to the left of the centre of the display. There were no fixations 
beyond that point. The conclusion has to be that in the absence of visual cues or visual 
distractors the internal representation of space must have been distorted. This suggests that 
either the contralateral codes of spaces were somehow missing, or that the patients unduly 
inferred (on the basis of incorrect information) that they had scanned left space. 
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Figure 6.2. Eye movement pattern of one patient during exploration of a line 
drawing. There are strong connective elements in the centre of the picture. 
Nevertheless, no eyemovements are directed to the left car (from Karnath, 1994). 
However, eye movements in scanning a meaningful image revealed a very similar 
scanning pattern in a single case of neglect (Karnath, 1994), because also in this task, 
only the right half of the pictures was explored visually. Even in pictures with strong 
connective elements (for instance two cars crashing against each other, with the crashing 
point exactly in the middle) there were no fixations on the left side (see Figure 6.2). 
However, there was some recognition of the non fixated elements. For instance, patients 
who only fixated the right side of a clock face, could nevertheless tell the correct time, 
which could only be inferred from information on the left side. The striking similarity of 
the eye movement pattern in exploration of an absent target in a dark room, and in the 
visual exploration of a meaningful picture suggests again, that the rightward bias of eye 
movements has at least a premotor component. 
A simple unequivocal conclusion of the role of vision in the control of overt 
behaviour in neglect is not possible on the basis of this cluster of data. Therefore I will 
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formulate the findings in terms of control of behaviour to bring out the critical 
characteristics. It appeared that the presence of visual stimuli on the right side of space, 
attracted the patients attention, and hence, resulted in a inappropriate 'pull' of the 
movement trajectory. However, similar rightward biased trajectories of the hand and of 
eyemovements, were observed in the absence of distracting visual stimuli. The first 
conclusion is that there may be a motor bias to initiate hand or eye movements to the 
right side of space, even in the absence of potential visual targets (Goodale et al., 1990; 
Hornak, 1992). Such a tendency to initiate responses predominantly towards the right side 
appears to be reinforced by the mere presence of potential targets for action (see Mark 
et al, 1988), thus revealing a more or less direct connection between perception and 
action, which is not mediated by higher, cognitive control. A theory of neglect must 
incorporate the observed motor bias, as well as the uncontrolled influence of visual stimuli 
on the ongoing motor behaviour. A 'spotlight' theory of attention, in which it is assumed 
that information within the 'beam' is available for further perceptual analysis (for 
instance, Posner and Petersen, 1990; Umiltà, 1988) cannot account for the effects in 
overt motor performance. In the next section I will explore a premotor theory of attention. 
6.3 Interdependenties between perceptual and motor processes. 
Above it was shown that neglect is not a purely visual deficit. Likewise, neglect is not a 
pure motor deficit, either, although motor aspects may play an even more important role 
in the symptoms than visual aspects do. There are some very reliable interdependencies 
between motor manipulations and the detection of visual targets. For instance, pointing 
with the left hand to elements of a visual array resulted in a better detection of these 
targets than pointing with the right (ipsilateral) hand in three subjects with neglect 
(Joanette and Brouchon, 1986). Thus, whether the subject pointed with the left or the 
right hand, the visual targets were identical, which indicates that visual processes can not 
account for this effect. The authors conclude that these observations suggest that 'some 
pre-motor aspects of response elaboration should interact with some aspects of signal 
processing' (Joanette and Brouchon, 1986, p. 394). 
Furthermore, in line bisection, Schenkenberg, Bradford and Ajax (1980) were the 
first to show that performance was much better when patients with neglect used their left 
hand as compared to the right hand. A similar improvement of neglect while using the left 
hand was demonstrated in a single case study in both line bisection and cancellation 
(Halligan and Marshall, 1989). One explanation is that the moving left hand, located in 
left hemispace, is perceived as a 'spatio-motor cue', a visual anchor point for exploration 
of the task (Halligan, Manning, and Marshall, 1990). A second explanation can be 
formulated in terms of the contralateral hemispheric activation by the use of either hand. 
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Thus, the spread of activation caused by motor preparation of the left hand would release 
the attention orienting mechanisms of the right hemisphere from inhibitory control by the 
left hemisphere, which eventually would result in a redirection of attention to the 
otherwise neglected side (Kinsbourne, 1993). A third explanation can be formulated in 
terms of activation of premotor neurons, which in tum recruit or tune the perceptual 
neurons that are functionally related to the effector (Rizzolatti and Camarda, 1987). 
A series of experiments has been done by Robertson and North (1992; 1993; 
1994) to distinguish between these explanations. If spatio-motor cueing were the 
explaining mechanism, use of either hand in left hemispace would result in improvement. 
However, if either hemispheric activation (Kinsbourne, 1993) or recruitment of perceptual 
neurons by activation of premotor neurons (Rizzolatti and Camarda, 1987) were the causal 
mechanisms, the use of the left hand in either hemispace would result in improvement. 
Essentially, the results of the series of manipulations (Robertson and North, 1992; 1993; 
1994) are clear: movements of the left hand in left hemispace improved performance, 
even if the hand was hidden from vision. In addition, active movements of the left leg 
were effective in reducing neglect. Many other manipulations had no or only a marginal 
effect. Thus, movements of the left hand in right hemispace, movements of the right hand 
in either hemispace, passive movements of either hand, movements of both hands 
simultaneously, had no or only a marginal effect. Moreover, visual attentional cues 
presented on the left side of a task had no effect (Robertson and North, 1992). The effects 
were consistent across several tasks, like cancellation or reading aloud. Left hand 
movements even improved reading in far space (Robertson and North, 1993). These 
results show that visuo-motor cueing cannot be the explaining mechanism, because (a) 
even invisible movements of the left hand were successful in reducing neglect, and (b) 
movements of the right hand in left space had no effect. Likewise, a general hemispheric 
activation hypothesis (Kinsbourne, 1993) cannot account for the improvement, because 
moving the left hand in right hemispace was not effective. The recruitment hypothesis 
(Rizzolatti and Berti, 1990; 1993; Rizzolatti and Camarda, 1988; Rizzolatti and Gallese, 
1988), if it is taken in its more sophisticated form, can account for the effect. 
The key concept of this theory is the pragmatic map of space, which is a 
representation of space that is closely tied to a specific effector organ. Rizzolatti and Berti 
(1993) assumed that such a map represents the area of space in which the effector can act. 
It is probably of little use for a pragmatic map of space of the arm, for instance, to 
represent spatial locations far outside the reaching distance. Both arms have their own 
hemispace, in which performance is most effective and efficient. Thus, RTs of either hand 
in their own hemispace are faster than RTs of either hand when the arms are crossed and 
the hand is acting in the contralateral hemispace (Anzola, 1979). This finding illustrates 
that a pragmatic map of space has its most efficient codings in the area of space to which 
it is linked in a functional manner. 
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The study of such intricate concepts requires lesion studies, and therefore there 
are only few observations in human subjects. Nature is not very precise in lesioning her 
victims. In a series of lesion studies in macaque monkeys, there have been some 
remarkable observations that may shed some light upon the nature of these maps. I will 
now summarize some of these data with their implications for the nature of pragmatic 
maps. After that I will return to human evidence in patients with neglect. Subsequent to 
microlesions of different areas of the neocortex of macaque monkeys, Rizzolatti and his 
coworkers (Rizzolatti, Gentilucci, and Matelli, 198S; Rizzolatti, Matelli, and Pavesi, 
1983)) observed an amazing double dissociation in spatial awareness in these animals, 
brought about by lesions of area 6 and area 8. A lesion of frontal inferior area 6 produced 
two impairments. There was a motor deficit, in that the animal was reluctant to move 
both the contralateral arm and showed a failure to grasp with the mouth to foods 
presented on the contralateral side of the face. There was also a highly specific deficit in 
directing attention. The animal failed to react to any stimulus (food, threats) presented in 
the contralateral peripersonal and personal space, thus showing hemispatial neglect for 
near stimuli. However, similar stimuli presented further away immediately elicit a 
reaction from the animal. Lesions of the frontal area 8, resulted in impairments in 
spontaneous saccadic eye movements towards the side contralateral to the lesion. 
Moreover, there was neglect for the space outside the animal's reach, and much less so 
for near space. The fact that presentation of threatening stimuli on the side contralateral 
to the lesion did not interrupt the ongoing activity, may be taken as evidence that this type 
of neglect is not the result of a primary inability to move. It appears to stem from a lack 
of awareness of certain regions of space. The dissociation between lesions of area 6 and 
area 8 showed that a failure to program the active touch resulted in a reduced awareness 
of the area of space that was represented to guide that effector organ. Not only touch was 
impaired but also visual awareness. Likewise, a failure in programming the active visual 
exteroceptors resulted in reduced awareness for all information presented in that area of 
space, and not in any other area. 
The amazing aspect of these findings is (as Rizzolatti emphasizes in every paper) 
that awareness of space is reduced. If the consequences of the impairment were restricted 
to the perceptual or motor domain, three patterns of behaviour might be expected. The 
animal could have shown visuomotor mislocalization. It could also be expected to be 
either frustrated by the presentation of a stimulus it could not react to in a proper way, 
or it would be expected to try to compensate for the visual impairment. Thus, the fact that 
the animal neglects the presented object, suggests that spatial awareness must somehow 
be determined by the ability to use egocentric spatial information for movement 
programming of specific effectors. Moreover, there must be more than one pragmatic 
map of space. The issue remains, of course, how space is coded. For instance, an 
important question is whether spatial locations are coded in an implicit way, derived from 
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information from sensory transducers, or whether they are represented explicitly by 
neurons that have spatial receptive fields. Such questions are far beyond the aim of this 
paper, which was to present some striking aspects of neglect that appeared to imply that 
also in human neglect patients movement factors can affect perceptual awareness of space. 
Now, let us recall the interdependencies of motor and visual processes sketched 
above. If we assume that neglect is an impairment in one or more pragmatic maps of 
space (Berti and Rizzolatti, 1994) then it becomes acceptable that neither activation of the 
hand contralateral to the lesion, nor visual cueing of the space contralateral to the lesion 
are sufficient to ameliorate neglect. Activation of a pragmatic map seems most effective 
if, and only if, the hand is activated in its own hemispace. It is of utmost importance to 
realize that the improvement in performance consequent to hand movements concerns not 
only the motor reaction but also the visual detection of a target. Thus, the most amazing 
quality of these findings is that the mere execution of a hand movement (not intended to 
improve exploration) improves visual awareness. Such an interdependency between input 
and output processes show that, at least in neglect, a serial model of information 
processing, in which input is transformed into output in an unidirectional manner, cannot 
account for the data (Allport, 1993). Subsequently, I will show that such striking findings 
have also been found in the field of motor anomalies in neglect. 
6.4 Parameters of motor behaviour in neglect. 
Apart from visual neglect, a number of symptoms have been described with regard to the 
overt motor behaviour. These symptoms have been labelled motor neglect, directional 
motor neglect, (hemi)hypokinesia, intentional neglect, etcetera. Not only the 
nomenclature, but also the empirical picture were extremely chaotic, until Mattingley, 
Phillips, and Bradshaw (1992) came with an empirical taxonomy of four separate clusters 
of motor symptoms, which I will adopt and describe below. The first symptom is motor 
neglect, then there are three phenomena concerning directional motor neglect: directional 
hypokinesia, directional bradykinesia, and directional hypometria. 
Motor neglect. Laplane and Degos (1983) showed that impairments in initiating or 
sustaining movements of the limbs contralateral to the lesion, can exist in the absence of 
hemiparesis or complete sensory loss. Moreover, in the patients studied, this so called 
motor neglect existed in the absence of sensory neglect. These patients were able to move 
their limbs with normal strength when they payed specific attention to them, but they 
failed to use the limbs in a functional context (like in bimanual tasks, gesturing, placing 
reactions, and arm swing in walking). Pure motor neglect was associated with frontal 
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lesions. It was interpreted as a defect in movement programming or organization affecting 
the contralateral limb(s). 
Directional motor neglect. Intriguing deficits in the preparation, organization and 
execution of movements of the ipsilateral (unaffected) hand have been observed with 
respect to movements directed towards the contralateral side of space. Such disorders 
related to directed movements were named intentional neglect. Patients with such 
intentional forms of neglect, as opposed to attentional neglect, appear reluctant to move 
into or towards the contralateral side. However, it is not easy to disentangle input and 
output aspects of neglect, because they are intimately intertwined. An important 
requirement in studying relatively pure motor problems, is to control for perceptual 
influences. Vision has an important function in guiding motor responses, and anomalies 
in movement planning, execution or initiation can be accounted for by perceptual factors 
(see above, and for instance Chieffi et al, 1993; Mattingley, Bradshaw and Phillips, 
1994). Thus, in the next section, possible influences of problems in visual detection on 
neglect manifestations in motor tasks will be checked before we can conclude that there 
is a genuine premotor deficit (see also Chapter 2, for an analysis of this problem). 
A second problem in the study of motor impairments is the multitude of 
parameters that may be impaired independently of each other. Mattingley, Bradshaw and 
Phillips (1992) proposed an empirically defined taxonomy with respect to temporal aspects 
of movement preparation (Reaction Time, or RT), temporal aspects of movement 
execution (Movement Time, or MT), and spatial aspects of movement execution, or 
movement extent. Their definitions will be used as a guideline for the subsequent review 
of the directional motor types of neglect. 
Directional hypokinesia has been defined as a slowness in initiating a movement directed 
to the side of space contralateral to the lesion (Mattingley et al., 1992). Unequivocal 
evidence for its existence is lacking, however, because visual neglect can account for two 
studies with positive findings, whereas two studies in which visual factors were properly 
controlled, failed to find any indication for directional hypokinesia. The first, positive, 
study used a lever transport task, and it was observed that RBD patients with neglect 
showed disproportionally prolonged RTs for movements directed to the left side, 
irrespective of the hemispace the movement was performed in (Heilman, Bowers, Coslett, 
et al., 1985). Unfortunately, there was no control for gaze direction, and therefore it is 
unclear whether a rightward attentional bias could account for the results (see also section 
6.2.1). More specifically, it is unclear whether the movement was in fact carried out 
under visual control (although this was not strictly necessary), thus allowing for an 
explanation in terms of a deficit in visual guidance of a movement to the left side (Chieffi 
et al. 1993). Likewise, in the second study with positive findings of directional 
103 
Chapter 6 
hypokinesia in RBD patients, delayed RTs for movements towards a series of visual 
targets on the left side were found, as compared to RTs to movements towards targets on 
the right side (Mattingley et al., 1992). As the authors suggest themselves that problems 
in 'acquisition' of the targets might partially account for the results. However, they 
proceed to interpret the performance as directional hypokinesia. Again, since visual-spatial 
processes may have contributed to the slowness in initiating a movement towards a target 
on the left side, it would be better to conclude that there is no unequivocal evidence that 
these results were in fact due to a deficit in premotor processes. 
The third study used a visuomotor exploration task, in which the side of the target 
could be decoupled from the direction of the response in an ingeneous way (Mijovic, 
1991). The RTs were clearly influenced by the side of the target, whereas the direction 
of the movement had no influence whatsoever. Thus, in that study, there was no evidence 
for directional hypokinesia. Likewise, Tromp (in press, see Chapter 2) found no evidence 
for directional hypokinesia in an experiment in which visual and movement factors had 
not been decoupled. The design allowed for a comparison of factors concerning visual 
detection and motor preparation. There was a clear effect for target side, whereas there 
was no effect at all of movement direction in RT. Moreover, the lack of directional 
hypokinesia was confirmed in a second experiment, resembling the design of Heilman et 
al. (198S) mentioned above, but with more careful control of gaze direction. In this 
directional movement task without visual target, and with fixation straight ahead, no 
difference in RT between leftward and rightward movements was observed. The lack of 
a reliable directional hypokinesia effect in RT shows that the temporal aspects of 
movement preparation processes in neglect appear not to be impaired. Of course, such a 
conclusion allows no generalisation to either temporal aspects of movement execution 
(directional bradykinesia) or spatial aspects of motor preparation of execution processes 
(directional hypometria). 
Directional bradykinesia has been defined as a slowness in the execution of a movement 
directed to the contralateral side of space (Mattingley et al., 1992). In their lever transport 
task, Heilman et al. (1985) found only a general slowing of the Movement Times (MT), 
whereas the MTs for leftward and rightward movements were highly similar. Thus, 
although the patients' performance was bradykinetic, there was no indication for 
directional bradykinesia in this very constrained task. 
The MT component in the visuomotor task of Mattingley et al. (1992) showed that 
directional bradykinesia was contributing to the performance of a subgroup of the patients 
with anterior and/or subcortical lesions, and not to the performance of those patients with 
posterior lesions. A subsequent study by the same authors (Mattingley et al., 1994) on the 
kinematics of goal directed movements revealed some of the mechanisms underlying 
directional bradykinesia in a group of severe neglect patients. Repetitive movements were 
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recorded with an electronic pen in a Fitte' task (Fitts, 1954), in which the size of the 
targets and the length of the trajectory had been varied. There were no substantial 
differences between normal control subjects and patients with mild neglect. Patients with 
severe neglect, however, showed prolonged MTs for leftward movements (directional 
bradykinesia), and extremely long pauses before starting a movement to the left. The 
latter was interpreted as directional hypokinesia, although the authors were aware that 
target detection must have been a component of this parameter. In Figure 6.3 it is shown 
that the velocity profile of leftward movements was characterized by multiple acceleration 
pulses, reflecting a closed loop control with many corrections of the temporal parameters. 
The latter pattern suggested a problem with ballistic force generation. It appears that the 
encoding of the target location of the movement could not be incorporated into a ballistic 
plan of the trajectory. This suggests a deficit at the level of the representation of the 
location of the target. 
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Figure 6.3. Velocity (upper graph) and acceleration (lower graph) profiles 
obtained in a single trial of a Fitts' task. Left: a control subject; right: a patient. 
Direction of movement is indicated for each stroke (left or right). Numbers in 
brackets on the lower axis indicate the number of zero crossings in acceleration, 
and are thus a measure of force efficiency (from Mattingley et al., 1994). 
105 
Chapter 6 
However, not only leftward movements were abnormal; kinematic analyses 
showed that rightward movements were also abnormal, but in a different way. These 
movements were not characterized by problems in force generation, but by a prolonged 
deceleration phase. This pattern suggests a visual 'capture' of the target in an early phase 
of the movement, and subsequently, a closed loop, visual guidance of the movement. 
Normal controls start a movement in a ballistic fashion, only decelerating in the last third 
part of the trajectory, in order to generate visually guided corrections, if necessary. Thus, 
two thirds of the stroke is spent in acceleration, which suggests that normals use an 
internal representation of the location of the target, and do only need visual guidance in 
the final, 'homing in' phase. These results show how the performance of neglect patients 
was affected by a disruption of the on-line interactions between perception and action. An 
interesting question concerns the role of vision in the generation of movements, which can 
easily be studied in this paradigm (Mattingley et al., 1994). Are neglect patients able to 
generate a ballistic movement to the right in the absence of visual information? This way, 
it can be checked whether an impairment exists at the level of representing visual 
information and/or incorporating it into a motor program. Another issue of interest is the 
role of differential types of neglect in motor performance. The patients in the study 
described here had not been screened for input or output based neglect (for instance by 
means of the procedure of Tegner and Levander, 1991, see below), and it remains unclear 
whether these types of neglect result in differential kinematic patterns of performance. 
Directional hypometria has been defined as an insufficient amplitude of movements of 
either hand directed towards the side contralateral to the lesion (Mattingley et al., 1992). 
Recently, there have been several very puzzling demonstrations of patients with left 
directional hypometria who showed a subsequent paradoxical right visual neglect, which 
again shows the striking interdependency of motor action and perception. If we have a 
task in which a target that is presented on the right side of space requires a movement to 
the left side, some patients show an inability (or reluctance) to move towards the left side, 
and they may also even fail to detect the imperative signal on the right side. This signal 
was, of course, not neglected in normal circumstances. It will be shown below that such 
observations have been done in very different experiments. 
For instance, Bisiach, Berti, and Vallar (1985) devised a complicated task to 
disentangle input and output factors. On a large panel, a red or a green diode was flashed 
either on the left or right side. Subsequently two response keys, one red and one green, 
were lit, one on each side of the panel. The task was simply to push the key of the same 
colour irrespective of the side. Thus, there were four conditions with respect to the sides 
of stimulus and response: right - right, right - left, left - right, and left - left. As 
expected, patients often missed a left stimulus. However, sometimes, a right stimulus was 
missed, when it should be followed by a left response. There was one patient, FS, with 
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a right anterior lesion, who either missed almost all right stimuli, or made errors of 
commision (the unlit key of the correct colour or the lit key of the wrong clour). It is 
important to note that on the trials he missed, FS explicitly denied seeing any target. 
Thus, paradoxically, the unpreferred movement direction prevented conscious detection 
after stimulus information had entered the system (recall that these stimuli were located 
in the intact spatial area), and after the generation of a visual search program. 
Figure 6.4. Cancellation task in mirror view condition. The hand and sheet were 
shielded from direct vision (from Tegner and Levander, 1991). 
Another method to disentangle input and output factors in the amplitude of exploratory 
movements in neglect has been devised by Tegner and Levander (1991). They presented 
their patients with a line cancellation test in either the normal, canonical condition, or in 
a reversed condition with the help of two mirrors, perpendicularly connected to each 
other, which were placed right in front of the patient (see Figure 6.4). Direct view of the 
hand and the paper was precluded by a shield. In the canonical presentation of the test, 
the patients showed many omissions on the left side, as expected. In the mirror-reversed 
condition, two patterns of performance were observed. Ten patients cancelled lines on the 
left side of the paper, and moved their hand to the left, thus omitting lines presented in 
the left hemispace. The performance of these patients was in line with an attentional or 
perceptual impairment. Four other patients, however, consistently cancelled lines on the 
right side of the paper, and omitted lines on the left side. The important finding is that 
the correctly cancelled lines were presented to the left visual field (which had been 
neglected a few minutes before, in the canonical condition), whereas the neglected lines 
were presented on the right side of the visual field. Thus, these patients not only failed 
to move towards the left side, this failure led them to deny explicitly the presence of 
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targets on the right side. In this context it is important to note that patients with unilateral 
brain damage and without neglect, who served as control subjects, sometimes also failed 
to cancel lines on the contralateral side. However, these patients declared that they saw 
the lines, but were unable to reach them. The patients with premotor neglect showed an 
impaired visual awareness, brought about by an apparent impairment to reach towards the 
left side. This pattern of results is very similar to the performance of FS, reported by 
Bisiach et al. (198S). The pattern has indeed been shown to be reliable; it has been 
reproduced in larger samples (Ladavas et al., 1993; Bisiach, Tegner, Ladavas, Rusconi, 
Mijovic, and Hjaltason, in press). Moreover, Ladavas and colleagues (1993) showed that 
perceptual neglect improved when vision was precluded, whereas directional motor 
neglect was even slightly impaired by blindfolding. There are a few problems in 
interpretation of the results. (1) The incongruent task-condition is very difficult to 
accomplish, which is likely to invoke central attentional control. (2) The directional motor 
neglect is elicited in a situation in which side of attention and side of performance have 
been decoupled. In such a situation attentional resources have to be divided among the 
two locations. In addition to demands on the system for selective attention, there are also 
demands on the capacity to divide attention. The latter has been shown to be impaired in 
neglect patients (Robertson, 1993). The paradoxical neglect might have been the result of 
a dynamical, mixed sensory motor 'extinction', or an inability to 'disengage' attention 
from the starting location. If that is true, then such anomalous type of extinction should 
be influenced by changing the initial locus of attention of from the side of input to the side 
of output, or vice versa. Bisiach et al. (in press) succeeded to convert directional motor 
neglect into attentional neglect and attentional neglect into directional motor neglect in a 
few cases, when patients were required to start their manual action on the side they failed 
to address in the first mirror reversed condition. Thus, a few patients showed a 'flexible', 
task dependent type of neglect, depending on the initial position of the hand. We can not 
explain such findings, yet, but it is clear that they are of utmost importance for any theory 
of attention or awareness. 
6.5 Summary and conclusions. 
In many patients, neglect disappears in the dark, which suggests thet visual perceptual 
processes may be crucial to the symptoms. However, there are some patients in whom 
more severe neglect signs can be observed in the dark. Such patients presumably show 
a premotor type of neglect (Cubelli et al., 1991; Ladavas et al, 1993). The fact that there 
are at least two dissociable types of neglect, perceptual and premotor, suggests that there 
may be more than one causal mechanism underlying the syndrome. The most remarkable 
aspect of the premotor type of neglect, is that visual awareness of a target appears to 
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depend upon the patients' ability to perform a motor reaction to it, even if the target is 
located on the right side of space. Or, in other words, the inability to react to a target, 
precludes its detection. This suggests the existence of an interdependency between input 
and output mechanisms. 
Such an interdependency even exists in samples of patients who have not been 
screened for premotor neglect. Thus, movements with the left hand in left space improved 
performance in several studies. This cluster of findings suggests that activation of brain 
areas involved in representing the moving limb in space, improves the readiness of the 
brain to receive visual input in that area of space. Because there is evidence from animal 
studies (Rizzolatti and Camarda, 1987) that the pragmatic map is closely linked to the 
effector, I will suggest here that crucial evidence for the theory is in the limitation of the 
recruitment effect. Performance of a patient with neglect for both near and far space 
should only improve within reaching distance, when he or she moves the left hand. If 
detection in far space also improves, the underlying deficit is probably not restricted to 
the pragmatic map of the arm. Likewise, we must be able to find patients with 
dissociations between neglect for the pragmatic maps of the contralateral left leg, and not 
the arm, or vice versa. In fact, Brain (1941) appears to have observed such a dissociation 
in patients with localization problems. He studied several types of visual disorientation 
(not only neglect, but also misreaching), that were double dissociated. One patient, No. 
2 showed 'an inability to localise distant objects, (which) was in striking contrast with his 
uniform success in judging the relative distance of two objects held within a yard from 
him'. Another patient, No. 3, 'did not at any time run into objects; his defective 
localization appeared to be limited to objects within arm's length'. Brain concludes that 
'it seems likely that, although external space is finally presented to consciousness as one, 
estimation of "walking distance" depends upon neural links between the visual cortex and 
the leg area of the post central convolution, while estimation of "grasping distance" 
depends in a similar way upon association paths between the visual cortex and the hand 
and arm area' (p. 2SS). Brain referred to different ways of organizing spatial information 
for action, dependent upon the space that was relevant to the effector organ. Now, a 
similar double dissociation in neglect symptoms has not been found in human subjects, 
yet. The eventual observation of such a dissociation will suggest a differential organization 
of areas of spatial awareness. 
Indirect evidence for the idea has been found, however. If we assume that 
pragmatic maps of the leg are involved in locomotion, navigation, and avoiding obstacles, 
these hypothetical maps can probably be functionally adapted to wheelchair riding as well. 
In this context it is highly relevant to recall an observation made in wheelchair obstacle 
course training in patients with neglect (Webster, Cottam, Gouvier et al., 1988). When 
these patients were trained in visual detection of targets, they showed less 'direct hits' of 
obstacles on their way. However, training of visual detection did not result in fewer 
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'sideswipes' against obstacles while manoeuvring the wheelchair. We might interpret this 
pattern as an improvement of the pragmatic map for detection and avoidance of visual 
obstacles directly in front, which was not generalized to a pragmatic map for the lower 
part of the moving body related to obstacles to the sides that are not directly seen but 
must be on line inferred from changes in the relative positions of the body in the 
environment. The task dependency that has been observed in several studies (for a review, 
see Riddoch and Humphreys, 1994) might also be interpreted in terms of a selective 
impairments of maps that have been ontogeneticly developed for certain skills and not for 
others. The nicest example of the selective impairment of a visual map for one purpose 
but not another, was observed by Poizner, Klima and Bellugi (1987), who presented a 
deaf patient using sign language, who suffered from visual neglect. This patient, however, 
was perfectly able to use and interpret the spatially oriented signs, whereas she failed in 
various other tasks, presented to her in the same areas of space. Moreover, the patients 
showed a gaze deviation to the right, while adequately perceiving sign language. 
So far, I have shown that the concept of a pragmatic map of space may explain 
some of the interdependencies between input and output processes. Moreover, it leads to 
highly specific, testable predictions for further study. A few observations, that had 
however not been intended this way, might be taken as preliminary evidence for the need 
to develop a theory of pragmatic maps of space any further. 
Another form of an interdependency of input and output processes in neglect, is 
the bias to give an overt reaction to any visual object presented to the right side. Such a 
motor bias can have the form of motor perseverations (Mark et al, 1988), or of a 
rightward deviation of the reaching trajectory (Chieffi et al., 1993; Goodaleetal., 1990), 
or of a rightward deviation of the walking trajectory (Robertson et al, 1994; Tromp et al, 
in press). Thus, these observations suggest that the mere presence of an object on the 
right side of space gives rise to a motor bias. Such a pattern of response appears to be a 
rather direct linkage between perception and action, which appears to be released from 
control by higher centres of control. To call such performance the result of an automatic 
pull of attention appears to me an overinclusive use of the concept of attention. I do not 
see why hyperattention, or too much attention for events or objects on the right side of 
space, would result in motor perseveration, or bumping into obstacles. In addition, the 
fact that patients show 'in flight' corrections of their movement trajectories suggests that 
an unavoidable motor bias is finally corrected. In terms of attention alone, such 
performance would seem contradictory, because in that case a rightward attentional bias 
is eventually corrected on the basis of another attentional mechanism. An explanation in 
terms of pragmatic maps of space (even if we do not know yet how such maps are 
working) seems much more parsimonious. Such a map 'connects' input parameters with 
motor parameters. If we assume that the activation patterns of one or more of these maps 
have been 'skewed' due to brain damage, resulting in an increased likelihood of locations 
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on the ipsilateral side of space to be activated. Hence, such a biased map is likely to elicit 
an overt motor response directed to any object presented on the ipsilateral side of space, 
because the location codes of such an object receives a larger activation. This line of 
reasoning is consistent with the theory of Rizzolatti and colleagues (See Rizzolatti and 
Berti, 1993). 
Finally, perhaps the most important conclusion is that neglect must have 
something to do with spatial awareness, even though this term has only descriptive power. 
The striking aspect of directional hypometria, as described in section 7.4 is not the 
inability to move towards a target located in the left part of space, but it is the failure to 
consciously detect targets that should have elicited such movements, even if these targets 
were located on the side of space ipsilateral to the lesion. Thus, a theory of neglect has 
to account for the apparent determining role of motor processes on visual awareness. 
However, concepts like awareness are descriptive, but they have no explanatory power 
in itself, such concept are to be explained. Brain based models of awareness have been 
developed only recently and of course they are hard to constrain (Dennett and Kinsbourne, 
1992). Neglect phenomena can be viewed as natural experiments, revealing important 
constraints for models of such rather vague concepts. 
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Neglect in action: 
A neuropsychological exploration 
of some behavioural aspects of neglect. 
Brain damage may result in various deficits of attention. Attention is a tricky concept, 
however. Selection, concentration, effort, speed, efficiency, and direction of 
information processes in the brain are some of its key concepts. Notwithstanding the 
recent wealth of research, deficits of attention are still difficult to describe, they are 
difficult to measure, and even more difficult to understand. Therefore, one might 
consider the tragic deficits of attention after damage to the human brain the result of 
an instructive experiment of nature. Of course, the conditions in such an experiment 
are not very well controlled. The aim of this thesis is to disentangle and interpret one 
of these attentional disorders: hemispatial neglect. 
Left hemispatial neglect occurs in approximately 50% of the patients who 
survived a stroke in the Right Hemisphere. The impairment is roughly characterised 
by an inability to react to events that take place in the space on the left side of the 
body. Chapter 1 provides a survey of the clinical phenomena associated with neglect. 
In this chapter it is argued that adequate clinical tools for the assessment of the 
disorder are not available, perhaps because a taxonomy of the differential subtypes is 
still lacking. Moreover, the current theories can only explain part of the symptoms. In 
clinical practice, one is confronted with 'an unknown bundle of problems and 
resources: the patient' (Luria, 1969), and one seldom has the opportunity to encounter 
a patient with neatly circumscribed deficits. This chapter is, therefore, a plea for 
theory based observation in a natural context, as a means to understand visuospatial 
neglect in the patient's daily life. Thus, I believe that we have to restore a way of 
looking at neuropsychological symptoms, which does justice to their complexity and to 
the patients' individuality. Because of the limitations of the tools, the clinical 
neuropsychologist has to conduct simple experiments to find out what factors 
contribute to the symptoms. The role of clinical observations in a natural context, like 
rehabilitation, appears to be undervalued. Research in such a context can be a positive 
contribution to laboratory based clinical neuropsychology. The following Chapters 
increasingly reflect this attitude. 
One important theoretical question concerns the disentanglement of perceptual 
and motor factors in the overt symptoms of neglect. This was studied in Chapter 2 by 
means of a reaction time experiment in ten patients with neglect and ten normal 
control subjects. The perceptual component was assessed by means of a visual 
detection task, whereas motor factors were manipulated by having the patient make a 
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directed movement upon detection of the visual stimulus. The results indicated that the 
only factor was the visual detection of the target. In other words, motor factors did not 
play any role in the reaction times. A second experiment was done, with the same 
subjects, in which a leftward or rightward directed movement was required, without a 
visual perceptual component. In this task, again, no effect of movement direction was 
observed, indicating that in neglect, there is no motor component in the reaction time 
delay prior to movements to the left. However, there are many deviations in the 
execution of such movements, as will be discussed in this Chapter as well as in 
Chapter 7. 
In Chapter 3 a regularly observed, but seldom analysed phenomenon has been 
studied. One of the clinical tests for the assessment of neglect is line bisection, in 
which the subjects' task is to mark the midpoint of a line. In neglect, the subjective 
midpoint is placed too far to the right, assumingly indicating 'neglect' for its left part. 
However, an analysis of line bisection in a sample consisting of all patients with 
neglect that have been seen in our department over the period of one year (N = 20), it 
was found that 85% of these patients sometimes placed a mark to the left side of a 
line, suggesting that they showed right neglect for that particular line. All in all, in 
25% of all stimulus lines this phenomenon occurred. This systematical observation is 
important, because no theory of neglect is able to explain it. 
Line bisection was also employed as a tool in Chapter 4, which investigated 
whether hemisphere specific activation, like music, could determine the severity of 
neglect. The basic idea is very simple. In neglect, the Right Hemisphere (RH) may not 
only be damaged to some extent, but the intact parts may also be underactivated, 
because the Left Hemisphere has taken over the control of attention, because it has 
been assumed that is was released from inhibitory control. If we further assume that 
music is predominantly processed in the RH, we can argue that music will result in 
activation of the under-aroused RH, and hence result in an increase of attention for the 
left side of space. Likewise, music may also affect the subjects' mood. Sad music may 
result in a (pseudo) depressed state, and hence be accompanied by even more severe 
underarousal of the RH. Cheerful music may counteract this effect. We studied nine 
patients and nine control subjects, using a line bisection test in three (repeated and 
counterbalanced) conditions: silence, sad music and cheerful music. Quite 
unexpectedly, both groups showed a larger error towards the right side during listening 
to either type of music. 
In Chapter 5 an exploratory analysis was made of disabilities in navigation 
skills in neglect. Patients tend to bump into obstacles, and the question is what factors 
may underlie such deficits. For instance, patients may simply neglect an obstacle 
(which implies an absence of attention), but they may also suffer from an automatic 
unselective attention for any object at the right side of space (which implies too much 
120 
Summary 
attention for irrelevant matters). This is the hyperattention hypothesis. The 
experimental task was walking through a doorway-like aperture. It was expected that 
an attentional deficit would result in collisions against the left side of the aperture, 
whereas hyperattention would result in collisions against its right side. A second 
question was whether salient visual cues on either side would affect the side of a 
collision or the path that was chosen. A third question was whether patients had a 
problem in estimating the width of the aperture, in relation to their own shoulder 
width. Therefore, the width of the aperture was varied, to see whether patients would 
rotate their shoulders if this was required for a smooth passage. Moreover, a verbal 
estimation of the width was required. Nine RH stroke patients, who were able to walk 
independently, as well as 18 control subjects participated. Five of the patients showed 
neglect; four did not. The results showed that there was a high correlation between the 
number of errors on clinical tests and the number of collisions. Thus, stroke patients 
without neglect hardly ever bumped. The coloured cue had no effect at all. There 
were, as expected, differential patterns of performance. Three patients with mild 
neglect bumped into the left side of the aperture, whereas two others with more severe 
neglect bumped against the right side. Notwithstanding the fact that all patients were 
able to rotate their body in a narrow aperture, patients with neglect failed to apply this 
skill when it was required. All patients were well able to judge the width of the 
aperture in a verbal way. This discrepancy suggests that there is a disorder at the level 
of coupling of perception and action. We can conclude that this experiment is a 
promising pilot study into dynamical aspects of neglect in an ecological valid context. 
In the concluding Chapter 7 I review a number of empirical studies concerning 
motor aspects of neglect (including some of the studies of this thesis). Visual 
processing has been assumed to be crucial in the underlying pathology in neglect. This 
idea requires some discussion. (1) Even though most patients perform better in the 
dark (relying on a tactile modality instead of a visual), there are several exceptions. 
These patients performed better with the help of vision, suggesting that they suffer 
from a motor type of neglect. (2) It has often been argued that the mere presence of a 
visual object at the right side of space attracts attention, and affects the movement 
trajectory in reaching or pointing. However, similar deviations have been demonstrated 
in the absence of visual distractors. Even in the dark, patients directed their eye 
movements solely to the right, while they were able to make leftward movements. The 
conclusion must be that in neglect there may be a basic motor bias for movements to 
the right, which may interfere with the planning of movements to the left. (3) 
Movements made with the left (often hémiplégie) hand result in an amelioration of 
visual detection of targets on the left side. There are also reports of patients who fail 
to detect ipsilateral targets, if this detection required an incompatible response to a 
button located on the left side. There must be an interdependency of visual and motor 
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processes. In other words, in these cases visual detection appears to be determined by 
the state of the motor system. (4) In kinematic analyses of lateral hand movements 
abnormalities have been observed in leftward and rightward movements, suggesting 
problems in the integration of visual information into the motor program. (5) 
However, in Reaction Time studies there is no unequivocal evidence for motor factors. 
Slowness in the initiation of movements to the left appears to be a consequence of 
problems in visual detection. The finding in Chapter 2 that patients do benefit from a 
reduction of stimulus uncertainty suggests, however, that the motor system can use 
visual information for goal directed action, even before a target is consciously 'seen'. 
This cluster of findings presents a serious challenge to any serial model of information 
processing. It supports those models of attention that incorporate a motor component. 
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Hemispatieel neglect in actie, 
een verkenning van enkele gedragsaspecten 
van de aandacht. 
Na een hersenbeschadiging kunnen er diverse stoornissen in de aandacht optreden. 
Aandacht is echter een lastig begrip. Het heeft te maken met selectie, concentratie, 
sturing, inspanning, tempo, efficiency en richting van de informatieverwerkings-
processen in het brein. Ondanks het vele -vooral ook recente- onderzoek zijn 
stoornissen in de aandacht nog altijd moeilijk te beschrijven en te objectiveren en zijn 
ze nog moeilijker te begrijpen, omdat er nog steeds te weinig bekend is van het 
neuraal substraat. Daarom zou men de tragische uitval van aandachtsfuncties bij 
patiënten met een hersenbeschadiging kunnen beschouwen als de resultaten van een 
leerzaam experiment van moeder natuur. Het mag echter duidelijk zijn dat bij een 
dergelijk 'experiment' meer niet dan wel bekend is. Dit proefschrift richt zich op het 
ontrafelen en interpreteren van één zo'n aandoening, visuospatieel neglect na een 
beschadiging van de rechter hersenhelft. 
Linkszijdig hemispatieel neglect komt voor bij ongeveer de helft van de 
mensen die een beroerte (С А) in de rechter hersenhelft (RH) overleefd hebben. De 
stoornis wordt gekenmerkt door een onvermogen om te reageren op gebeurtenissen aan 
de linkerzijde van het lichaam. Hoofdstuk 1 geeft een overzicht van de diverse 
verschijnselen van hemispatieel neglect. Gesteld wordt dat goede instrumenten voor de 
klinische diagnostiek van de aandoening niet voorhanden zijn, wellicht omdat er nog te 
weinig bekend is over de verschillende vormen van de aandoening en de verschijnselen 
die ermee samenhangen. Daarnaast kunnen de verschillende gangbare theorieën slechts 
een deel van de symptomen verklaren. In de kliniek wordt men echter juist 
geconfronteerd met 'an unknown bundle of problems and resources: the patiënt' 
(Luria, 1969), en slechts zelden met personen met 'nette', welomschreven stoornissen. 
Ik pleit er dan ook voor dat een manier van kijken, waarmee recht gedaan wordt aan 
de complexiteit van de verschijnselen, en aan de individualiteit van de patiënt, in ere 
wordt hersteld. Vanwege bovengenoemde beperkingen moet de klinicus trachten door 
zelf te experimenteren te achterhalen welke factoren een rol kunnen spelen bij de 
totstandkoming van de symptomen. Het gaat dus om zorgvuldige observaties tegen een 
achtergrond van een zich voortdurend ontwikkelend theoretisch kader. Veelal wordt 
onderschat hoe groot de rol zou kunnen zijn van waarlijk klinisch onderzoek in deze 
zin, binnen een alledaagse context zoals tijdens het revalidatieproces. Zulk onderzoek 
kan een verrijkende aanvulling betekenen op de klinische neuropsychologie in het 
laboratorium. 
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Een belangrijke vraag betren het uiteenrafelen van perceptuele en motorische 
componeneten in de overte symptomen van neglect. In hoofdstuk 2 wordt deze vraag 
onderzocht met behulp van een reactietijd taak bij een groep van 10 patiënten met 
neglect en 10 controlepersonen. De waarnemingscomponent werd gediagnostiseerd in 
een visuele detectietaak, terwijl motorische factoren werden gemanipuleerd door de 
patiënt na detectie van de visuele stimulus een gerichte beweging te laten maken. De 
enige factor die in dit experiment invloed uitoefende of de resultaten was de 
waarnemingscomponent. Er waren geen indicaties dat motorische factoren enige rol 
speelden in de reactietijden. Daarom werd er een tweede experiment gedaan met 
dezelfde proefpersonen, waarbij er een simpele beweging werd gevraagd, ofwel naar 
links, ofwel naar rechts, zonder visuele waarnemingscomponent. De proefpersonen 
moesten recht vooruit fixeren. In deze taak werd er inderdaad geen effect gevonden 
van de bewegingsrichting op de auditieve reactietijd. De conclusie is dat er in de 
reactietijd voorafgaand aan een beweging naar links geen puur motorische component 
schuilgaat. Er zijn echter wel degelijk afwijkingen in motorische parameters van de 
uitvoering van een beweging, zoals het looptraject (zie hoofstuk S en 7). 
In hoofdstuk 3 wordt melding gemaakt van een zeer algemeen geobserveerd, 
doch nimmer geanalyseerd verschijnsel. Een van de diagnostische tests die veelvuldig 
wordt gebruikt om vast te stellen of iemand neglect heeft, is de lijn bisectie taak. In 
zo'n test moet het midden van een lijn worden aangestreept. Mensen met neglect 
plaatsen dat midden (gemiddeld genomen) te ver naar rechts van het ware midden, 
wellicht omdat zij het linker uiteinde 'verwaarlozen'. Echter, in een analyse van de 
resulaten van deze test van alle patiënten met een unilaterale lesie in de RH, die in een 
jaar gezien werden (N=20), kon vastgesteld worden dat 85% van deze patiënten nu en 
dan een markering plaatste aan de linkerzijde van het midden van een lijn, en dus voor 
deze lijn rechts neglect vertoonde. In totaal gaat het om 25% van alle lijnen. Deze 
observatie is van belang omdat ze systematisch is, en met geen enkele theorie over 
neglect verklaard kan worden. Het lijkt erop dat bij één en dezelfde patiënt, links 
neglect af en toe overgaat in zoiets als neglect voor het rechter gedeelte van het 
werkveld. 
Op zoek naar hemisfeer specifieke activatie als determinant van neglect wordt 
in hoofdstuk 4 nagegaan of muziek een rol zou kunnen spelen bij het verminderen van 
neglect. De gedachte hierachter is tamelijk eenvoudig. Bij neglect is de RH niet alleen 
beschadigd, maar deze zou ook nog eens te weinig geactiveerd kunnen zijn doordat de 
intacte linkerhersenhelft een groot deel van de controle overneemt. Men neemt aan dat 
muziek grotendeels verwerkt wordt in de RH. Luisteren naar muziek zou daardoor 
kunnen resulteren in een activatie van de RH. Een dergelijke activatie zou vervolgens 
kunnen leiden tot een toename in aandacht voor de linkerzijde, en dus tot een 
vermindering van neglect. Daarnaast zou muziek de stemming kunnen beïnvloeden. 
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Droevige muziek zou de RH kunnen remmen, en daardoor kunnen leiden tot een 
verergering van de aandoening. Negen patiënten met neglect en negen 
controlepersonen kregen een lijnbisectie test in drie (herhaalde en counterbalanced) 
condities: stilte, vrolijke en droevige muziek. Tegen de verwachting in werden tijdens 
luisteren naar muziek grotere fouten naar de rechterkant gemaakt, door beide groepen. 
Patiënten vertoonden meer neglect, maar ook de controlepersonen vertoonden een 
verschuiving naar rechts. 
In hoofdstuk 5 wordt een exploratieve analyse gegeven van de beperkingen in 
navigatie vaardigheden die kenmerkend zijn voor veel patiënten met neglect. Deze 
patiënten botsen nogal eens tegen obstakels, en de vraag rijst nu welke factoren hierbij 
een rol spelen. Het kan zijn dat dit een gevolg is van het negeren van dingen aan de 
linkerkant (een afwezigheid van aandacht), maar ook van een automatische 
ongedifferentieerde aandacht voor alles wat er aan de rechterkant aanwezig is (dus een 
teveel aan aandacht voor irrelevante zaken). Dit laatste wordt ook wel de hyperattentie 
hypothese genoemd. Het onderzoek betrof het lopen door een doorgang. Verwacht 
werd dat een aandachtstekort zou leiden tot botsingen tegen de linkerzijde, en dat 
hyperattentie zou leiden tot botsingen tegen de rechterzijde. Het is daarbij tevens van 
belang na te gaan of de visuele opvallendheid een rol speelt, daarom werd er soms een 
felgekleurde strip aan een van de deurposten bevestigd. Er kan ook sprake zijn van een 
probleem met het inschatten van de breedte van de opening in relatie tot de eigen 
schouderbreedte. Daarom werd de breedte van de opening gevarieerd in relatie tot de 
schouderbreedte van de patiënt. Tevens werd een verbale inschatting van de breedte 
gevraagd. Negen zelfstandig lopende CVA patiënten met een lesie in de RH van wie 
vier geen neglect hadden en vijf wel, alsmede 18 gezonde controlepersonen, werden 
geobserveerd met behulp van video-opnamen terwijl zij door de deuropening liepen. 
De resultaten waren als volgt. (1) Er was een hoge correlatie tussen het aantal fouten 
op de reguliere tests en het aantal botsingen. Mensen met een hemiplegisch 
looppatroon, maar zonder neglect botsten vrijwel niet, terwijl mensen met neglect 
veelvuldig botsten. (2) De gekleurde strip had geen enkel effect. (3) Er waren 
verschillende patronen aan te wijzen tussen patiënten, conform de verwachting. Drie 
mensen met mild neglect botsten vooral tegen de linkerzijde, terwijl twee mensen met 
ernstig neglect vooral tegen de rechterzijde botsten. (4) Ondanks het feit dat alle 
patiënten in staat waren om hun lichaam te roteren bij een smalle deuropening, hadden 
zij duidelijk problemen om deze vaardigheid daadwerkelijk toe te passen. Overigens 
konden zij goed beoordelen en in woorden aangeven wanneer ze wel en niet hoefden te 
roteren. Deze observatie wijst erop dat er een stoornis is op het niveau van de 
koppeling van perceptie en actie. Dit experiment moet beschouwd worden als een 
veelbelovende pilotstudy naar dynamische aspecten van neglect in een levensechte, 
ecologische valide context. 
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Samenvatting 
In het afsluitende hoofdstuk 6 wordt een aantal empirische studies (waaronder 
enkele studies uit dit proefschrift) betreffende de motorische aspecten van neglect op 
een rij gezet. In de eerste plaats gaat het om experimenten waarin de beschikbaarheid 
van visuele informatie wordt gemanipuleerd, om een beeld te krijgen van de rol van 
visuele processen in de Symptomatologie. Veelal wordt gedacht dat visuele processen 
een cruciale rol spelen. Ik denk echter dat dit standpunt om tenminste vijf redenen 
genuanceerd moet worden. (1) Hoewel de meeste patiënten beter presteren op allerlei 
taken als deze in het donker (en dus op de tast) worden uitgevoerd, zijn er 
verschillende uitzonderingen. Er zijn patiënten beschreven die juist slechter 
presteerden in het donker, en dus een andere, meer motorische vorm van neglect 
hadden. (2) Daarnaast gaat men er vaak vanuit dat de aanwezigheid van een object aan 
de rechterzijde dusdanig de aandacht trekt, dat het bewegingstraject er door wordt 
beïnvloed. Er zijn echter studies waaruit blijkt dat een dergelijke afwijking van het 
motorisch traject ook bestaat als er geen visuele distractoren zijn. Zelfs in het het 
donker waren in een studie oogbewegingen in het linker halfveld afwezig (terwijl deze 
wel gemaakt konden worden). De conclusie moet dus zijn dat er in neglect een basale 
motorische neiging bestaat om bewegingen naar rechts te maken, hetgeen wellicht ten 
koste gaat van naar links gerichte bewegingen. (3) Het is herhaaldelijk geobserveerd 
dat het maken van bewegingen met de linker (hemiparetische) hand de detectie van 
visuele stimuli kan bevorderen. Er moet dus een wederzijdse beïnvloeding zijn van 
perceptie en motoriek. Tevens zijn er herhaaldelijk patiënten beschreven die zelfs 
problemen hadden met visuele detectie van objecten aan de rechterzijde (dus 
paradoxaal) wanneer de gevraagde respons zou moeten bestaan uit een beweging naar 
links. In dergelijke gevallen lijkt de visuele detectie dus bepaald te worden door de te 
maken motorische respons. (4) Daarnaast zijn er in de kinematica van handbewegingen 
naar links én naar rechts afwijkingen geobserveerd die wijzen op problemen in de 
integratie van visuele informatie in een motorich programma. (5) In de reactietijden is 
er echter geen ondubbelzinnig bewijs voor puur motorische betrokkenheid. Het lijkt 
dat eventuele vetragingen in de initiatie van bewegingen naar links te wijten zijn aan 
visuele detectieproblemen. De conclusie die uit deze gegevens te trekken valt is dat 
een theorie die neglect poogt te verklaren zich rekenschap moet geven van genoemde 
motorische aspecten. Dit betekent een uitdaging voor aandachtsmodellen waarin 
motoriek geen plaats heeft. 
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Stellingen 
behorend bij het proefschrift 
Neglect in action 
a neuropsychological exploration of some behavioural aspects of neglect 
Everdien H Tromp 
Nijmegen, 20 september 1995 
1 Bij de diagnostiek van patiënten met neglect is het afnemen van gestandaardiseerde 
neuropsychologische tests ontoereikend om de aard en de ernst van de aandoening vast te 
stellen Dtt proefschnfl 
2 Het verschijnsel directionele hypokinesie, een vertraagde reactietijd voorafgaand aan 
bewegingen naar de linkerzijde, weerspiegelt met een probleem m de motorische 
preparatie, maar een probleem ш de visueel ruimtelijke perceptie Dit proefschrift 
3 Ook al verbetert de neglect-score niet bij een gereduceerde stimulus onzekerheid, de 
algemene reactietijd verbetert wel degelijk Dit suggereert dat het motorisch systeem al 
gebruik maakt van visuele informatie nog voordat deze informatie bewust gezien wordt 
Dit proefschrift 
4 De observatie dat de meeste patiënten met contralateraal neglect ook unilaterale fouten 
maken kan niet verklaard worden zonder aanpassing van de huidige theorieën Dit 
proefschrift 
5 Patienten met ernstig neglect koersen regelrecht af op de rechter deurpost, ondanks het feit 
dat zij aan dit object, dat zich immers aan de rechterzijde bevindt, buitengewoon veel 
aandacht besteden Dit laat zich interpreteren als een positief symptoom er is sprake van 
een desinhibitie van een directe, primitieve perceptie-actie koppelmg Du proefschrift 
6 Actief bewegen met de hemiplege linkerhand (indien dit mogelijk is) kan de visuele 
waarneming van voorheen genegeerde informatie sterk verbeteren Een dergelijke invloed 
van motorische op perceptuele processen ondersteunt de suggestie dat een 
'eenrichtingsmodel' van informatieverwerking weleens ontoereikend kan zijn (Allport 
(1993) Du proefschrift 
Allpoit, D А (199Э) Attention lud control hâve we beco aekuig the wrong questioni? A critical review of 
twenty five yean In D E Meyer A S Komblum (Edi ) , Attention and Performance. Vol ХГ (pp 183 218) 
Cambridge (Man ) МГГ preu 
7 Bij lestes van de rechter hemisfeer zien we bij de patient vaak anosognosie, een zeer 
beperkt inzicht in de eigen symptomen Dit is geen wonder, als we ons realiseren dat de 
onderliggende processen grotendeels buiten het talige bewustzijn om paatsvmden 
Concepten als lichaamsschema, ruimtelijke perceptie, en ruimtelijke kennis zijn immers 
ook door personen zonder neurologische aandoeningen nauwelijks onder woorden te 
brengen. 
8 Motivatie en actieve deelname door de patient zijn essentieel voor een geslaagde 
revalidatie Daarom moet de patient beschouwd worden als belangrijkste lid van het 
behandelteam 
9 De bouw van een brug tussen theorie en praktijk laat op zich wachten omdat de 
betrokkenen liever aan hun eigen zijde van de kloof blijven 
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